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THE MATERIALS RESEARCH SOCIETY

The Materials Research Society (MRS) is an organization of technical professionals from a wide variety of scientific
and engineering disciplines. Its primary purpose is to hold symposia on topics of materials research which, because
of their multidisciplinary nature, do not have adequate forums within the more traditional societies. Through these
symposia, MRS attempts to promote interactions between chemists, physicists, metallurgists, engineers, etc., who
are studying different aspects of a particular materials topic. Membership in the Materials Research Society is open to
anyone who has an interest in materials development, processing, or characterization.

MEMBERSHIP BENEFITS INCLUDE:

" 1. Automatic mailing of the call of papers booklet and the preliminary program for both the Fall and Spring meetings.

2. A subscription to Journal of Materials Research, an archival interdisciplinary journal which is the official journal of
the Material Research Society.

3. The MRS BULLETIN, a monthly news publication which contains summaries of the Society symposia, news of
Society members, announcements of meetings, and other activities sponsored or co-sponsored by MRS, and
news about developments in research and industry.

4. Alisting in and a copy of the MRS Membership Director, which is published yearly.

5. Opportunity to purchase MRS symposium proceedings, monographs, and videotapes at special member pries
that are 15-25%p off list price. This numbered series has become a standard reference in many areas of materials
science. Over 126 volumes have been published in this well respected series.

6. Opportunity to purchase technical books from other scientific publishers at substantial savings.

7 Reduced subscription rates for journals published by the American Institute of Physics through the MRS affiliation
with AIP.

8. Special personal subscription rates for Materials Letters, a letters journal published by North-Holland.

The membership fee is $65 for the 1990 calendar year. Student membership is $20 per year, but does not include a
subscription to Journal of Materials Research. Student members of MRS may subscribe to JMR for $15 in addition to
their $20 dues.

A free descriptive brochure on the Society is available. Contact:

Materials Research Society

9800 McKnight Road

Pittsburgh, Pennsylvania 15237 USA
(412) 367-3003

FAX (412) 367-4373

On-site meeting operations are handled by The Complete Conference, Sacramento, CA, Marilyn Hauck, President.
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sWELCOME TO THE MATERIALS RESEARCH»
SOCIETY’S 1989 FALL MEETING

Welcome to Boston for the 1989 Fall Meeting! The program is diverse — covering the
familiar MRS Fall Meeting topics as well as several new symposium topics not previ-
ously covered in MRS meetings. We will also be experimenting with live video broad-
casts of two Symposia between the Marriott and Westin Hotels. This meeting is
comprised of 24 symposia with over 2,400 accepted papers, making it the largest MRS
meeting to date!

On Monday evening we are delighted to welcome Robert N. Noyce, who will present the
Plenary address. Noyce is a pioneer in the electronics industry; he is president and
chief executive officer of SEMATECH as well as vice-chairman of intel Corporation. The
Von Hippel Award will be presented to honor both the Von Hippel winner and the Fall
1989 Graduate Student Award winners. Several evening poster sessions will be held in
the Westin Hotel during the meeting; complimentary snacks and beverages will be
served.

In addition to the oral and poster sessions, many other activities are scheduled to
interest you. The Equipment Exhibit will be held Tuesday through Thursday in the
Marriott Hotel. Symposium X will feature a series of authoritative reviews covering
relevant topics for the non-specialist during the noon hours on Tuesday through Thurs-
day. To complement the technical program, 22 MRS short courses are scheduled
throughout the week.

Finally, we want to take this opportunity to thank the symposium organizers for assem-
bling an excellent and stimulating program. The staff at MRS Headquarters and The
Complete Conference have worked diligently to streamiline this program into a coherent
form. The MRS officers, Program Committee, Publicity Committee, Short Course Man-
ager, and others have given invaluable help and advice. On behalf of the above, we
welcome you to Boston and wish you a stimulating, productive, and enjoyable week.
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sA MESSAGE FROM THE PRESIDENT=

Over the last 12 months more than 100 people, including volunteer organizers and
MRS staff members, have been preparing what we believe will be one of the most
exciting Boston meetings to date. Over 2,400 abstracts are in the program, and we are
projecting a record attendance of over 4,000 people.

The meeting’s main focus is the technical symposia organized by Chairs Gary L.
McVay of Pacific Northwest Laboratories, Robert J. Nemanich of North Carolina State
University, and James C. Mikkelsen Jr. of Xerox. Following the traditions of interdiscipli-
nary programming, the symposia will cover a very diverse materials area, ranging from
electronic materials and polymers to nuclear waste and specialty cements. Oral pre-
sentations and posters will keep the attendees informed of the latest breakthroughs,
allowing maximum interaction among the researchers.

The Society has invited Robert N. Noyce, a pioneer in the electronics industry and chief
executive officer of SEMATECH, to present the Plenary Address on Monday evening,
November 27. The 1989 Von Hippel Award will be presented to John Goodenough on
Wednesday evening, November 29; the Graduate Student Award winners will be recog-
nized, and the ceremonies will be foliowed by a wine and cheese reception.

Don’t miss the special display of MRS Proceedings at both hotels for browsing and
ordering; check the Short Course Program developed to complement the technical
meeting, and be sure to visit the Equipment Exhibit and Job Placement Center. Many
hours of work have been devoted to planning a meeting you won’t want to miss. | look
forward to meeting you.

Aty

R.PH. Chang
1989 MRS President




sGRADUATE STUDENT AWARDS=

Outstanding performance by graduate students who are presenting significant and
timely research and who are participating in the MRS 1989 Fall Meeting as an attendee
and author or co-author of a symposium paper will receive their awards during the Von
Hippel ceremony Wednesday evening.

=GRADUATE STUDENT MIXER=

All graduate students and members of MRS student chapters are invited to attend a
reception on Tuesday, November 28, 5:00 - 6:30 p.m., in the Regis Room, Marriott
Hotel. Refreshments will be served. Student chapters are a vital part of MRS providing
discussion between students and faculty and promoting student interest in materials
science. Don’t miss this opportunity to meet with others invoived in MRS student activi-
ties.

aSYMPOSIUM X=

MRS is pleased to announce that Symposium X will be broadcast live via satellite to
selected university and industrial laboratories by PBS on Monday, November 27, 1989.
To accommodate MRS meeting attendees interested in attending this popular noon-
time symposium, it is held between noon and 1:30 p.m. daily in the Staffordshire Room
at the Westin Hotel. Box lunches will be available at the symposium door for your
convenience. Be sure to check the Meeting Guide available at the meeting for final
scheduling details.

sSYMPOSIUM BROADCASTS®

Symposium M: High Temperature Superconductors, may be viewed simultaneously in
the Marriott Hotel and the Westin Hotel; and Symposium F: Diamond, Boron Nitride,
Silicon Carbide and Related Wide Bandgap Semiconductors, may be viewed simulta-
neously in the Marriott Hotel and the Westin Hotel. Check the Activities Locator in the
Meeting Guide for daily locations at each hotel.

vi




=1989 MRS FALL MEETING ACTIVITIES®

Activity Location Time
information Desk/Message Center| Fourth Floor Lobby, Marriott Hotel
Third Floor Lobb;::,y Westin Hotel Sunday, 4:00 p.m.-9:00 p.m.
Monday, 7:00 a.m.-7:00 p.m.
Meeting Registration Fourth Floor Lobby, Marriott Hotel Leduesdgza 7:39, aa.g\.-S:OO %Bn
nesday, 7.:30 a.m.-5: .m.
MRS Pubiication Sales Fourth Floor Lobby, Marrioft Hotel | Thursday, 3:30 a.m.5:00 p.m.
Third Floor Lobby, Westin Hotel Friday, 7:30 a.m.-12:00 noon
(Monday - Friday
Short Course Registration Fourth Floor Lobby, Marriott Hotel Sunday, 11:30 a.m.-1:30 p.m.
and 4:00 p.m.-9:00 p.m.
Monday, 7:00 a.m.-7:00 p.m.
Tuesday, 7:30 a.m.-5:00 p.m.
Wednesday, 7:30 p.m.-5:00 p.m.
Thursday, 7:30 a.m.-5:00 p.m.
Friday, 7:30 a.m.-9:00 a.m.
Short Course Program Dalily, 8:30 a.m.-4:30 p.m.

Check with Information Desk
r location of individual courses.)

Courses M-05 and C-00 will meet on Sunday
November 26, 1:00 p.m.6:00 p.m., and on
Monday, Novermber 27, 8:00 a.m.-4:30 p.m.

Equipment Exhibit, Noon-1:30 p.m.

Manuscript Center Cape Cod Room, Marriott Hotel Open Monda: gOFnday
St. George A, Westin Hotel 7:30a.m. -5:
Slide Preview Area Near Information Desk Open Monda ganday
Fourth Floor Lobby, Marriott Hotel | 7:30 a.m. - 5:
Third Floor Lobby, Westin Hotel
|yvl';i um X Staffordshire Room Monday, November 27
L ional Satellite Waestin Hotel 12:05- 1:25 p.m.
(Box lunches avaliable for purchase at the door)
m posium Broadcast: Suffolk Room Tuesday-Friday noon
Bandgap Semiconductors Marriott Hotel
High Tempemtum Essex North West Monday-Tuesda
uperconductors America Lobby Wednesday-Friday
Westin Hotel
Equipment Exhibit University Hall, Third Floor Tuesday, 12:00 noon - 7:00 p.m.
Marriott Hotel Reception, 5:00 p.m. - 7:.00 p.m.
Deii-atyle lunch avaiieble dally in Wednesday, 9:30 a.m. - 5:00 p.m.

Thursday, 9:30 a.m. - 2:00 p.m.

Poster Sessions

America Ballroom, Fourth Floor
Westin Hotel

Tuesday, 7:00 p.m. - 10:00 p.m.
Wednesday, 8:00 p.m. - 10:00 p.m.
Thursday, 7:00 p.m. - 10:00 p.m.

Plenary Session, Robert N. Noyce

Salon E, Marriott Hotel

Monday, 6:00 p.m.

Graduate Student Mixer Regis Room, Marriott Hotel Tuesday. 5:00 p.m. - 6:30 p.m.
Vonﬂmmmmuon Salon E, Marriott Hotel ;o?oopm

and re Reoeptlon lowing
Graduate Student Awards
Job Placement Center Harvard Room, Third Floor Tuesday-Thursday,
h.mummmu-w{ Marriott Hotel 9:00 a.m. - 5:00 p.m.

vii
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"PLENARY SESSION=

Monday, November 27, 1989
6:00-7:00 p.m.
Boston Marriott Copley Place
Salon E

Robert N. Noyce
Chief Executive Officer, SEMATECH

Robert N. Noyce, a pioneer in the electronics industry, is
President and CEQO of SEMATECH and vice chairman of
Intel Corporation.

Noyce graduated from Grinnell College with a BS degree
in physics and mathematics and earned his Ph.D. in
physical electronics at the Massachusstts Institute of
Technology. Following graduation, Noyce engaged in re-
search at Philco Corporation and Shockley Semiconduc-
tor Laboratory. He co-founded Fairchild Semiconductor
Corporation in 1957 and with Jack Kilby of Texas Instru-
ments invented the integrated circuit.

in 1968, Noyce co-founded intel with long-time associate
Gordon E. Moore with the objective of making large-scaie
integration a practical reality. Today, the company is the
nation’s third-largest semiconductor producer.

viil

Noyce was a founding member and the first president of
the Semiconductor Industry Association. He also was a
member of the President’s Committee on Industrial Com-
petitiveness and the Defense Science Board.

Noyce is a member of the National Academy of Science,
the National Academy of Engineering, the American
Academy of Arts and Science, and holds 16 patents for
semiconductor devices, methods and structures. He and
Jack Kilby have jointly received the Ballantine Medal of
the Franklin Institute and the Cledo Brunetti Award of the
IEEE for inventing the integrated circuit. He and Gordon
Moore have received the AFIPS Harry Goode Award for
leadership in computer science. Noyce also has been
awarded the National Medal of Technology, National
Medal of Science, the L.E.E. Faraday Medal, and the
IEEE Medal of Honor.

-
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=1989 VON HIPPEL AWARD LECTURE=

Wednesday, November 29, 1989
6:00 p.m.

Salon E
Marriott Hotel

The Materials Research Society proudly presents its
1989 Von Hippel Award to Professor John B. Goode-
nough. The Award honors his distinguished contributions
to the field of solid state sciences, where his insights,
ideas, knowledge and research have consistently drawn
together the basic concepts of physics and chemistry in
the conquest of wide-ranging fundamental topics.
Through the years, his work can be said to have buiit the
principal conceptual foundations of the science of solid
state chemistry.

Professor Goodenough has made pioneering contribu-
tions in many experimental fields, including such diverse
topics as development of ferrite-core random access
memories, high pressure studies of perovskites, and the
analysis of lithium ion conductivity in spinels. He has ad-
dressed the electronic structure of complex materials,
with concepts fundamental to chemical bonding. In the
days before band structure calculations were routine,
Professor Goodenough succeeded in constructing, quali-
tatively, the band structures of most important semicon-
ductors, oxides and metallic compounds. His 1963 book
on ‘““Magnetism and the Chemical Bond’' remains a clas-
sic reference in the field. A similar intuitive approach un-
derlies Professor Goodenough’s classic analysis of
superexchange mechanisms and of metal-insulator tran-
sitions. His work on Mott localization in oxides is of funda-
mental significance. Professor Goodenough'’s work on
the electronic structure of transition metal compounds

John B. Goodenough
Virginia H. Cockrell

Centennial Chair of Engineering

University of Texas at Austin

has covered magnetic-exchange interactions, localized
treatment of outer electrons, martensitic phase transfor-
mation mechanisms, and structure of ferroelectrics and
bronzes. He has studied the electronic structure of metals
based on the interactions of Fermi surfaces with Brillouin-
zone surfaces in reciprocal space. He has recently inves-
tigated the electron pairing mechanism in high-T,
superconductor structures.

Professor Goodenough has also made key contributions
in the field of materials for alternate energy technologies.
These include solid electrolytes, solid-solution storage-
cell electrodes, photoelectrolysis of water with sunlight,
wavelength-selective coatings for solar collectors, zeoli-
tes for air conditioning with solar energy, catalytic elec-
trodes and heterogeneous catalysis.

Professor Goodenough graduated from Yale University
with a B.A. in Mathematics in 1943 and obtained his Ph.D.
in Physics at the University of Chicago in 1952. His re-
search in electronic materials (chemistry) continued at
the Lincoln Laboratory until his move in 1976 to the Uni-
versity of Oxford as Professor and Head of the Inorganic
Chemistry Laboratory. In 1986 he accepted the Virginia
H. Cockrell Centennial Chair of Engineering at The Uni-
versity of Texas at Austin.

The Von Hippel Award of the Materials Research Society
honors Professor Goodenough'’s accomplishments for
their depth and diversity, exemplifying the possibilities of
interdisciplinary materials research.




=JOB PLACEMENT CENTER=

The MRS Job Placement Center is organized and operated by the American Institute of Physics. The Center is
conveniently located on the third floor of the Boston Marriott Copley Place and will be open from 9:00 a.m. - 5:00
p.m., Tuesday through Thursday. Individuals using the interviewing facilities to seek employment must register by
completing an employment candidate form obtainable from MRS Information, Sunday afternoon and Monday.

=sEQUIPMENT EXHIBIT=

Boston Marriott
Tuesday-Thursday, November 28-30, 1989

As part of the 1989 Fall Meeting, a major equipment exhibit will be held to display analytical and processing
equipment closely paralleling the nature of the technical symposia. The exhibit will be on the third floor of the Boston
Marriott Hotel, convenient to symposium meeting rooms. The technical program has been arranged to allow
meeting participants ample opportunity to visit the exhibit.

Show Hours
Tuesday 12:00 noon - 7:00 p.m.
Reception 5:00 p.m.-7:00 p.m.
Wednesday 9:00 a.m. - 5:00 p.m.
Thursday 9:00a.m.-2:00 p.m.
EXHIBITORS
Acadernic Press Image Micro Systems, Inc. Plasma Technology
Advanced Materials Engineering implant Sciences Corporation Plenum Publishing Corporation
Research INEL, Inc. Princeton Gamma-Tech
AIXTRON GmbH Innovative Technology, Inc. Princeton Instruments, inc.
Alcate! Vacuum Products, Inc. Instruments SA, Inc. Process Products Corporation
American Chemical Society International Scientific Instruments, Inc.  Quantachrome Corporation

American Institute of Physics

fon Tech, Inc.

Quantum Design, Inc.

Amplifier Research Janis Research Company RHK Technology, Inc.
Anatech Ltd. JCPDSACDD Rigaku/USA
APD Cryogenics, Inc. JEOL US.A,, inc. RMC-Cryosystems
Aries/QE! Kaiser Systems, inc. Rudolph Instruments
ASTeX/Applied Science & Technology Kaithlay Instruments Rudolph Research
ATM, Inc. Kavex Instruments Scientific Instruments
Balzers Kimball Physics, Inc. Scintag, inc.
Beam Alloy Corporation Kratos Analytical Siemens Analytical X-Ray
Blake Industries, inc. Lake Shore Cryotronics, Inc. South Bay Technology, Inc.
Edmund Buehler Co. GmbH Lambda Physik Spectra Instruments
Cahn Instruments, Inc. Lehighton Electronics, Inc. Spectra-Tech, inc.
Cameca Instruments, Inc. Kurt J. Lesker Company Spire Corporation
Ceramaseal Leybold Inficon Springer-Verlag NY, Inc.
Chapman and Hall Leybold Vacuum Products Structure Probe/SP| Supplies
Commonwealth Scientific Corporation Materials By Metron SULA Technologies
CVC Products, inc. McAllister Technical Services Superconductive Components, inc.
Denton Vacuum, Inc. MDC Vacuum Products Corporation Sycon instruments, Inc.
Duniway Stockroom Corporation Microscience, Inc. Tencor Instruments
E.A. Fischione Instrument MKS Instruments Thermionics Laboratory
Manufacturing MMR Technologies, Inc. Uttra High Vacuum Instruments, Inc.
Edwards High Vacuum International National Electrostatics Corporation Vacuum Barrier Corporation
EG&G Princeton Appilied Regearch Neslab Instruments Varian/Vacuum Products
Elsevier Science Publishing Company, Netzsch incorporated VAT, inc.
Inc. NGS Associates, inc. VCR Group
Charles Evans & Associates Nicolet VG instruments
FEI Company North Eastern Analytical Corporation Virginia Semiconductor, Inc.
Gatan, inc. Omicron Associates Voltaix, Inc.
Goodfeliow Metals Cambridge Ltd. Oxdford Instruments Walff Associates
Granville-Phillips Co. Oxford University Prass Waterioo Scientific
Hi?h Vacuum Apparatus Manufacturing,  Peabody Scientific Wavemat, Inc.
nc. Pergamon Press John Wiley & Sons
Hitachi Sclentific Instruments Perkin-Elmer Corporation Carl Zeiss, Inc.
HPS Division Philips Electronic Instruments
Huntington Laboratories

Physicon Corporatl:n
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=sMRS SHORT COURSE PROGRAM=

1989 MRS FALL MEETING
NOVEMBER 27 - DECEMBER 2
BOSTON MARRIOTT COPLEY PLACE
At-Meeting At-Meeting
Title Tuition Title Tuition
ADVANCED MATERIALS C-20 Optical Characterization of il-V Semiconductor Epitaxial

M-04 Optoelectronic Materials, Processes, and Devices
Instructor: Mool C. Gupta

Friday-Saturday, December 1 - 2 $535
M-05 Fabrication, Characterization, and Applications of
High-Temperature Superconducting Materials

Instructors: David A. Rudman and Robert E. Schwall
Sunday-Monday, November 26 - 27 $535

M-06 Growth and Characterization of Diamond and
Diamond-Like Films
Instructors: Daniel L. Flamm, Thomas R. Anthony, and Jeffrey T.

Glass
Monday, November 27 $425

CHARACTERIZATION OF MATERIALS

C-01 Modern Materials Analysis Techniques

Instructors: James A. Borders, Kenneth H. Eckelmeyer, and
Suzanne H. Weissman

Monday-Wednesday, November 27 - 29

C-03 Surface and Thin Film Analysis
Instructors: Leonard C. Feldman and James W. Mayer
Friday-Saturday, December 1 - 2

C-08 Deep Level Transient Spectroscopy
Instructor: Charles E. Barnes
Monday, November 27

C-08 Ceramic and Metal Matrix Composites
Instructors: Jack Mecholsky and Maurice F. Amateau
Friday-Saturday, December 1 -2 $535

C-09 Fractals: Concepts and Applications in Materials Science
and Engineering
Instructors: James E. Martin and Alan J. Hurd

$370

Sunday-Monday, November 26 - 27 $535
C-14 Scanning Tunneling Microscopy

Instructor: Robert J. Hamers

Monday, November 27 $370

C-18 Scanning Electron Microscopy and X-Ray Microanalysis
Instructors: David C. Joy and Dale E. Newbury
Monday, November 27 $390

C-19 Practical Transmission & Analytical Electron Microscopy -
Theory, Practice and Specimen Preparation

Instructors: Alton D. Romig, Jr., David B. Williams, and Ron M.
Anderson

Tuesday-Thursday, November 28 - 30 $800

xi

Layers
Instructor: Gary W. Wicks
Friday, December 1

PREPARATION AND FABRICATION OF MATERIALS
P05 Plasma Enhanced CVD of Thin Films for Microelectronics
Instructor: Rafael Reif

Monday, November 27

P-086 lon Implantation, Diffusion, Defects, and RTP
Instructors: Nathan W. Cheung, Dennis M. Maher, and Steven C.
Shatas
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P-12 Photon-Controlled Processing for Microelectronics
Instructor: Richard M. Osgood, Jr.
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P-14 Film Formation, Adhesion, Surface Preparation, and
Characterization of Thin Film Structures

Instructor: Donald M. Mattox
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Instructor: Peter A. Barnes
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P-16 Epitaxial Growth of Compound Semiconductors
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Wicks
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Chairs: R. A. Zuhr and D. B. Poker

Monday Morning, November 27
Salon E (M)

8:30 *Al.1
LOW ENERGY 1ION BEAM SURFACE MODIFICATION,
DEPOSITION, AND SYNTHESIS, J,J. Cuomo, IBM
T.J. Watson Research Center, Research Divis-
ion, Yorktown Heights, NY.

9:00 *

ION BEAM-ASSISTED MBE, E. Chason, J.Y. Tsao,
K.M. Horn, D.K. Brice and S.T. Picraux,
Sandia National Laboratories, Ion-Solid
Interactions Department, Albuquerque, NM.

9:30
LOW ENERGY ION BOMBARDMENT AND ISLAND COAR-
SENING IN THIN FILMS, Chih H. Yang and Harry
A, Atwater, California Institute of Technol-
ogy, Applied Physics Department, Pasadena,

9:45

ION BEAM ASSISTED ZIRCONIUM NITRIDE FILMS,
im, The Jochns Hopkins Unlver-

sity, Materials Science and Engineering,

Baltimore, MD; and K.R. Padmanabhan, Wayne

State University, Department of Physics and

Astronomy, Detroit, MI.

10:00 BREAK

10:30 *

IMPORTANCE OF SURFACE PREPARATION IN DIRECT

ION BEAM DEPOSITION (IBD),

Hitachi Ltd., Hitachi Research Laboratory,

Ibaraki, Japan.

11:00

PREPARATION AND CHARACTERIZATION OF ION BEAM
ASSISTED ALUMINUM OXIDE FILMS, J.K.
Hirvonen, T. Tetreault, G. Parker, B.W.
Murray, Spire Corporatlon, Bedford, MA; and
P. Revesz, Cornell University, Ithaca, NY.

11:15
SILICON OXIDE FILM FORMATION BY THE SIMUL-
TANEOUS USE OF A MICROWAVE ION SOURCE AND AN
ICB SYSTEM, Gikan H. Takaoka, Hiroshi Tsuji
and Junzo Ishikawa, Kyoto University, Kyoto,
Japan.

11:30 Al.8

METASTABLE CrQO; FILM FORMATION BY REACTIVE
ION BEAM SYNTHESIS AND RAPID THERMAL ANNEAL-
ING, K.V. Ramanathan, C. Richard Guarnieri,
J.J. Cuomo, D.A. Smith, and S. Shivashankar,
IBM T.J. Watson Research Center, Research
Division, Yorktown Heights, NY.

*Invited Paper

11:45

ADHESION STUDIES OF Au FILMS ON GaAs USING
ION-ASSISTED DEPOSITION TECHNIQUES, T.T.
Bardin and J.G. Pronko, Lockheed Research
and Development Division, Palo Alto, CA;
A.J. Kellock and J.E.E. Baglin, IBM Almaden
Research Center, San Jose, CA.

SESSION A2: ION INDUCED GROWTH/BURIED

LAYERS
Chair: J. C. Barbour
Monday Afternoon, November 27
Salon E (M)

1:30
IRRADIATION-INDUCED GRAIN GROWTH: THE ROLE
OF DISLOCATIONS, Charles W. Allen and Lynn
E. Rehn, Argonne National Laboratory, Mate-
rials Science Division, Argonne, IL.
1:45
ION- BEAM-INDUCED EPITAXIAL CRYSTALLIZATION
OF Gex511 x/Sl HETEROSTRUCTURES, R.G.
, M.C. Ridgway, J.S. Williams, Royal
Melbourne Institute of Technology, Micro-

electronics and Materials Technology Centre,
Melbourne, Australia; and J.C. Bean, AT&T
Bell Laboratories, Murray Hill, NJ.

2:00
DEPENDENCE OF INTERFACE VELOCITY ON NOBLE
METAL SEGREGATION DURING ION BEAM ENHANCED
EPITAXY, J.S. Custer, Michael 0. Thompson,
Cornell University, College of Engineering,
Department of Materials Science and Engi-

neering, Ithaca, NY; J.M. Poate and D.C.
Jacobson, AT&T Bell Laboratories, Murray
Hill, NJ.

2:15

ION BEAM INDUCED CRYSTALLIZATION IN PREAMOR-
PHIZED BP(100), Naoto Kobayashi, Hisao

Kobayashi, Hisao Tanoue, Nobuyuki Hayashi,
Electrotechnical Laboratory, Ibaraki, Japan:
and Yukinobu Kumashiro, Yokohama National
University, Yokohama, Japan.

2:30
AMORPHOUS TO POLYCRYSTAL TRANSITION ASSISTED
BY ION BEAM IRRADIATION IN SILICON, C,

Spinella, S. Lombardo and S.U. Campisano,
Dip. di Fisica dell’Universita, catania,
Italy.

2:45

FORMATION OF BURIED ELEMENTAL LAYERS USING
ION IMPLANTATION, D.W. Brown, 2.A. Munir,
University of California, Davis, Division of
Materials Science and Engineering, Mechani-
cal Engineering Department, Davis, CA; R.G.
Musket, Lawrence Livermore National Labora-
tory, Chemistry and Materials Departnment,
Livermore, CA.

3:00 BREAK
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3:30 A2.7

ION-BEAM-INDUCED EPITAXIAL CRYSTALLIZATION
OF METAL SILICIDES, M.C. Ridgway, R.G.
Elliman and J.S. Williams, Royal Melbourne
Institute of Technology, Microelectronics
and Materials Technology Centre, Melbourne,
Australia.

3:45 A2.8
ION-BEAM SYNTHESIS OF BURIED YTTRIUM SILI-
CIDE, T.L._ Alford, Cornell University,
Material Science and Engineering Department,
Ithaca, NY; and J.C. Barbour, Sandia Nation-
al Laboratories, Albuguergue, NM.

4:00
ELECTRICAL TRANSPORT IN Sl/COSlz/Sl HETERO-
STRUCTURES GROWN BY MESOTAXY, Alice E.
White, M.L. Green, K. T. Short D. Brasen
AT&T Bell Laboratories, Murray Hill, NJ; and
K. Maex, IMEC, Leuven, Belgium.

4:15
ION BEAM ANNEALING OF Si CO-IMPLANTED WITH
Ga AND As, S.P. Withrow, O.W. Holland and

S.J. Pennycook, Oak Ridge National Labora-
tory, Solid State Division, Oak Ridge, TN:
and J. Pankove, Solar Energy Research In-
stitute, Golden, CO.

4:30

EVOLUTION OF DIFFUSION AND SPUTTER LIMITED
IMPLANTED IMPURITY DEPTH PROFILES DURING ION
BEAM SYNTHESIS, P.L.F., Hemment, A.K.
Robinson, U. Bussmann, K.J. Reeson, Univer-
sity of Surrey, Department of Electronic and
Electrical Englneerlng, Guildford, Surrey,
United Kingdom; R. Chater and J.A. Kilner,
Imperial College, Department of Materials,
London, United Kingdom.

4:45
FORMATION OF BURIED AND SURFACE CoSiz LAYERS
BY ION IMPLANTATION, M.F. Wu, A. Vantomme,
G. _Langouche, University of Leuven, Institut
voor Kern-en Stralingsfysika, Leuven, Bel-
gium; J. Vanhellemont, IMEC, Leuven, Bel-
gium; J. Vanacken, H. Vloeberghs, and Y.

Bruynseruede, University of Leuven, VSM,
Belgium.
Chairs: P. Bgrgesen and D. A. Lilienfeld

Tuesday Morning, November 28
Salon E (M)

8:30 *A3.1
ION~BEAM MIXING AND PHASE FORMATION, L-U.
Aaen Andersen, J. Bgttiger, K. Dyrbye, and
J. Janting, University of Aarhus, Institute
of Physics, Aarhus, Denmark.

9:00 *A3.2
THERMODYNAMIC ASPECTS OF ION MIXING 1IN
METALLIC SYSTEMS, W.L, Johnson, California
Institute of Technology, Keck Laboratory,
Pasadena, CA.

9:30

CRITICAL TEMPERATURES FOR RADIATION ENHANCED
DIFFUSION AND EQUILIBRIUM PHASE FORMATION
DURING ION BEAM MIXING, A.M. Vredenberag, R.
de Reus, A.C. Voorrips, H.C. Tissink and
F.W. Saris, FOM-Institute for Atomic and
Molecular Physics, Amsterdam, The Nether-
lands.

9:45 A3.4
DIRECT OBSERVATION OF INTERMIXING IN GaAs/
AlAs MULTILAYERS AFTER VERY LOW-DOSE ION-
IMPLANTATION, M. Bode, A. Ourmazd, and J.
Rentschler, AT&T Bell Laboratories, Holmdel,
NJ; M. Hong, L.C. Feldman, and J.P.
Mannaerts, AT&T Bell Laboratories, Murray
Hill, NJ.
10:00 BREAK

10:30
A STUDY OF THE DOMINANT MOVING SPECIES IN
ION BEAM MIXING I: EFFECTS OF SAMPLE GEO-
METRY AND ATOMIC MASS, G.W. Auner, Y.-T.

Cheng, General Motors Research Laboratories,
Warren, MI, and Wayne State University,
Department of Physics and Astronomy, De-
troit, MI; M.H. Alkisi and K.R. Padmanabhan,
Wayne State University, Department of Phys-
ics and Astronomy, Detroit, MI.

10:45 A3.6

RELATIONSHIPS BETWEEN COHESIVE ENERGY, DEBYE
TEMPERATURE, AND THE ONSET OF TEMPERATURE-
DEPENDENT ION MIXING, Y.-T. _ Cheng, General
Motors Research Laboratories, Physical
Chemistry Department, Warren, MI.

11:00

EFFECT OF CARBON ON ION BEAM MIXING OF FE-TI
BILAYERS, J-P. Hirvonen and M. Nastasi, Los
Alamos National Laboratory, Materials Sci-
ence and Technology Division, Los Alamos,
NM.

11:15
THE EFFECT OF SURFACE COATING ON ION BEAM

DESORPTION OF HYDROGEN FROM TITANIUM,
i i , Peter Bgrgesen and
Herbert H. Johnson, Cornell University,

Materials Science and Engineering, Ithaca,
NY.

11:30

ION-BEAM MIXING AND TRIBOLOGY OF Fe/B MULTI-
LAYERS, Ren Yuan Hu, L.E. Rehn, G.R. Fenske
and P.M. Baldo, Argonne National Laboratory,
Materials Science Division, Argonne, IL.

L]
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11:45 A3.10 ON A5: NOV N
ION BEAM MIXING OF Sb SCHOTTKY CONTACTS ON UNIQUE STRUCTURES
n-Si, J.B. Malherbe, L.J. Bredell, K.P. Chairs: J. A. Knapp and M. 0. Thompson
Weimer, G. Myburg and E. Friedland, Univer- Tuesday Afternoon, November 28
sity of Pretoria, Department of Physics, Salon E (M)
Pretoria, South Africa.

: NT
Chairs: M. O. Thompson and J. A. Knapp
Tuesday Afternoon, November 28
Salon E (M)

1:30 *A4.1
ION-SOLID INTERACTIONS AS VIEWED BY MOLECU-
LAR DYNAMICS, Barbara J. Garrison, The Penn-
sylvania State University, Department of
Chemistry, University Park, PA.

2:00 A4.2
COMPUTER SIMULATION OF IMPURITY SEGREGATION
AT A RAPIDLY MOVING SOLID-LIQUID INTERFACE,
Stephen J. Cook and Paulette Clancy, Chemi-
cal Engineering Department, Cornell Univer-
sity, Ithaca, NY.

2:15 Ad4.3
MOLECULAR DYNAMICS SIMULATIONS OF LOW-ENERGY
ION/SURFACE INTERACTIONS DURING VAPOR PHASE
CRYSTAL GROWTH: 10 eV Si INCIDENT ON Si(001)
2x1, M. Kitabatake, P. Fons, and J.E.
Greene, University of Illinois, CSL, Urbana,
IL.

2:30
MOLECULAR DYNAMICS STUDY OF THE AMORPHIZA-
TION OF CuTi, Michael J. Sabochick, U.S. Air
Force Institute of Technology, Department of
Engineering Physics, Wright Patterson AFB,

OH; Nghi Q. Lam, Argonne National Labora-
tory, Materials Science Division, Argonne,
IL.

2:45 A4,5

MOLECULAR DYNAMICS SIMULATIONS OF THE DIS~
ORDER FORMED 1IN SILICON BY HIGH-ENERGY
ELECTRONS, A.M. Mazzone, CNR-Istituto LAMEL,

Beologna, Italy.
3:00 BREAK
3:30 A4.6

SUPERHEATING AND SUPERCOOLING OF LEAD IN-
CLUSIONS IN ALUMINIUM, E, Johnson, Univer-
sity of Copenhagen, Physics Laboratory,
Copenhagen, Denmark; L. Grdbaek, J. Bohr,
RIS@ National Laboratory, Roskilde, Denmark:
A. Johansen, L. Sarholt-Kristensen and H.H.
Andersen, University of Copenhagen, Physics
Laboratory, Copenhagen, Denmark.

3:45
THERMAL ANNEALING OF SOLID Kr PRECIPITATES
IN Ni, R.C., Birtcher, J. Rest, and D.S.
Bergstrom, Argonne National Laboratory,
Argonne, IL.

4:00
FABRICATION OF CRYSTALLINE-AMORPHOUS SUPER-
LATTICES BY DIFFERENTIAL ION-BEAM DAMAGE,
J.M, Poate, D.J. Eaglesham, D.C. Jacobson,
M. Cerullo, L.N. Pfeiffer and K.W. West,
AT&T Bell Laboratories, Murray Hill, NJ.

4:15 AS5.2
INTERNAL BLACKBODY EMISSION INTERFEROMETRY
FOR MEASUREMENT OF CRYSTALLIZATION KINETICS
AND OPTICAL PROPERTIES OF THIN FILMS, J.A.
Roth and G.L. Olson, Hughes Research Labora-
tories, Malibu, CA.

4:30 AS.3
TRANSITION RADIATION FOR SURFACE ANALYSIS,
and Julius J. Muray, SRI

International, Physical Electronics Depart-
ment, Menlo Park, CA.

4:45
STM INVESTIGATIONS OF GRAPHITE SURFACES

PREPARED BY 5 kev art ION BOMBARDMENT,

Elliott A. Eklund, University of Callfornla,
Department of Physics and Solid State Sci-
ence Center, Los Angeles, CA; Eric J. Snyder

and R. Stanley Williams, University of
California, Department of Chemistry, Los
Angeles, CA.

H (0]

Peter Bgrgesen, James A. Knapp
and Ray A. Zuhr

Tuesday Evening, November 28

7:00 p.m. - 10:00 p.m.

America Ballroom (W)

Chairs:

GRAIN GROWTH AND PHASE FORMATION IN
ION IRRADIATED/ANNEALED THIN NI-AL ALLOY
FILMS, Dale E. Alexander and Gary S. Was,
Department of Nuclear Engineering, Univer-
sity of Michigan, Ann Arbor, MI; and Lynn
Rehn, Argonne National Laboratory, Materials
Division, Argonne, IL.

A6.2 CESSATION AT HIGH TEMPERATURE OF
RADIATION INDUCED DIFFUSION: THE ROLE OF
DEFECT COMPLEX FORMATION, T.D. Andreadis and
Mervine Rosen, Naval Research Laboratory,
Washington, DC.

A6.1

A6.3 VOID DENSITY REDUCTION DURING ION
ASSISTED DEPOSITION, T.D. Andreadis, R.H.
Bassel, Mervine Rosen, and J.A. Sprague,

Naval Research Laboratory, Washington, DC.
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A6.4 STUDIES ON ION SCATTERING AND
SPUTTERING PROCESSES RELEVANT TO ION BEAM
SPUTTER~DEPOSITION OF MULTICOMPONENT THIN
FILMS, 0O, 2auciello, North Ccarolina State
University, Department of Materials Science,
Raleigh, NC; and Microelectronics Center
North Carolina, Research Triangle Park, NC;
M.S. Ameen, North Carolina State University,
Department of Materials 'Science, Raleigh,
NC; A. R. Krauss, Argonne National Labora-
tory, Chemistry Division, Argonne, IL; and
A.I. Kingon, North Carolina State Univer-
sity, Department of Materials Science,
Raleigh, NC.

A6.5 INTERACTIONS OF LOW-ENERGY METAL
IONS WITH SURFACES, P. Bai, Ch. Steinbruchel

and T.-M. Lu, Rensselaer Polytechnic Insti-
tute, Center for Integrated Electronics,
Troy, NY.

A6.6 ELECTRON BEAM INDUCED HOLE-DRILLING

AND LITHOGRAPHY ON A NANOMETRE SCALE IN Al,
MgO AND a-AlF3 IN A STEM, i ,
Colin J. Humphreys and Robert W. Devenish,
University of Liverpool, Department of
Materials Science and Engineering, Liver-
pool, United Kingdom.

A6.7 THERMAL ANNEALING INVESTIGATION OF
THE OPTICAL PROPERTIES OF Bj.yN, FILMS
FABRICATED BY ION BEAM ASSISTED DEPOSITION
Cc.A Carosella, E.P. Donovan, and G. K.

Hubler, Naval Research Laboratory, Washing-
ton, DC.
A6.8 MECHANISM OF ION-INDUCED SOLID-

PHASE EPITAXIAL GROWTH, T.K. Chaki, sState
University of New York, Department of Mech-
anical & Aerospace Engineering, Buffalo, NY.

A6.9 STUDY OF THE ANODIC OXIDATION ON TI
AND TA6V BY ION-IMPLANTED XE IONS MARKERS
AND 018 TRACING TECHNIQUES, Heming Chen,
Mingjiang Dai, Xinde Bai, Wangpei Li,
Tsinghua University, Department of Material
Science and Engineering, Beijing, China.

A6.10 CRYSTALLINE POLYMER THIN FILM
DEPOSITION BY IONIZED CLUSTER BEAM, S.J.
Cho, Kyungseoung University, Department of
Physics, Busan, Korea; H.S. Choe, Kyungsang
University, Department of Physics, Jinju,
Korea; H.K. Jang, S.S. Kim, C.N. Whang,
Yonsei University, Department of Physics,
Seoul, Korea: and D.S. Choi, Kangwon Univer-
sity, Dept. of Physics, Chuncheon, Korea.

A6.11 STRUCTURAL AND ELECTRICAL STUDIES
OF EPITAXIAL PbTe FILMS GROWN BY ION-
ASSISTED RF MAGNETRON SPUTTERING, J,G, Cook,

S.R. Das, National Research Council of
Canada, Laboratory for Microstructural
Sciences, Ottawa, Canada; and M. Phipps,

University of Ottawa, Department of Physics,
Ottawa, Canada.

A6.12 OXIDATION BEHAVIOUR OF TITANIUM
SURFACES COATED WITH BORON COMPOUNDS, M.
Elena, L.A. Guzman, L. Moro, A. Tomasi,
Institute for Scientific and Technological

Research, Povo, Italy; S. Gialanella and P.
Scardi, University of Trento, Department of
Materials Science Engineering, Mesiano,
Italy.

A6.13 ION-BOMBARDMENT EFFECTS ON FILM
ADHESION, R.,A. Erck, G.R. Fenske and A.
Erdemir, Argonne National Laboratory,

Materials and Components Technology Divi-
sion, Argonne, IL.

A6.14 CARRIER LIFETIME DISTRIBUTIONS AND
RECOMBINATION KINETICS 1IN SILICON ON IN-
SULATOR (SIMOX) SUBSTRATES, M.A. Lourengo,
K.P. Homewood, and P.L.F. Hemment, Univer-
sity of Surrey, Department of Electronic and
Electrical Engineering, Guildford, Surrey,
United Kingdom.

A6.15 SPONTANEOUS VITRIFICATION OF ION
MIXED METASTABLE PHASES IN IRON-BASED ALLOY
SYSTEMS, L.J. Huang, and H-D.Li, Tsinghua
University, Department of Materials Science
and Engineering, Beijing, China; and B.X.
Liu, Tsinghua University, Department of
Materials Science and Engineering, and
Center of Condensed Matter and Radiation
Physics, CCAST (World Lab.), Beijing, China.

A6,16 FOCUSED 0.5 MeV ION BEAM LINE WITH
LOW ABERRATION QUADRUPOLE MAGNETS, Kiyotaka
Ishibashi, Xen-ichi 1Inoue, Yutaka Kawata,
Norio Suzuki, Kobe Steel, Ltd., Electronics
Research Laboratory, Kobe, Japan; Mikio
Takai and Susumu Namba, Osaka University,
Faculty of Engineering Science and Research
Center for Extreme Materials, Osaka, Japan.

A6,17 THE STRUCTURE AND PROPERTIES OF Ni
FILMS GROWN BY ION BEAM ASSISTED DEPOSITION,
R.A. Kant, G.P. Chambers and B.D. Sartwell,
Naval Research Laboratory, Surface Modifica-
tion Branch, Washington, DC.

A6.18 Ar*t INDUCED INTERFACIAL MIXING IN
Pd/Cu SYSTEM, H.K. Kim, Xorea Standards
Research Institute, Taejon, Korea; J.H.
Song, S.S. Kim, C.N. Whang, Yonsei Univer-
sity, Department of Physics, Seoul, Korea;
J.J. Woo, Chonnam University, Department of
Physics, Kwangju, Korea; and R.J. Smith,
Montana State University, Department of
Physics, Bozeman, MT.

A6.19 IN-SITU ION BEAM MEASUREMENTS OF
DEUTERIUM LOADING IN THIN FOIL ELECTROCHEMI-~
CAL CELLS, J.A. Knapp, T.R. Guilinger, M.J.
Kelly, D. Walsh, and B.L. Doyle, Sandia
National Laboratories, Albuquerque, NM.




A6.20 ON THE STABILITY OF METASTABLE AND
AMORPHOUS PVD-COMPOUND FILMS, Qtto Knotek,
Frank Jungblut, and Arman Barimani, Techni-
cal University Aachen, Aachen, West Germany.

A6.2]1 ANALYSIS OF ELEMENTS IN FINGERNAILS
BY RUTHERFORD BACKSCATTERING SPECTROSCOPY,

P. Madakson, IBM T.J. Watson Research Cen-
ter, Yorktown, Heights, NY.

AG.22 SECONDARY IONIZATION DURING ION
BOMBARDMENT OF Rhi{1l1l1l1l},

Malafsky, Naval Research Lab, Washington,
DC; and Nicheclas Winograd, Pennsylvania

State University, Department of Chemistry,
University Park, PA.

A6.23 ION BEAM MIXING OF MULTILAYERED CoB
THIN FILMS, G. Choe and R.M. Walser, The
Univ. of Texas at Austin, Center for Mate-
rials Science & Engineering, Dept. of Elec-
trical & Computer Engineering, Austin, TX.

A6.24
UNIFORM ELECTRON GAS,
Istituto LAMEL, Bologna,

A6.25 STUDY OF THE EVOLUTION OF THE
BURIED SiOz LAYER FORMED BY MULTIPLE LCW
DOSE OXYGEN IMPLANTATION INTO SILICON, F.
Namavar and E. Cortesi, Spire Corporation,
Bedford, MA.

A6.26 MICROSTRUCTURAL STUDIES OF MYLAR
(PET) USING CRYOFRACTURING SYSTEM AND SEM,
A.K. Nigam, Ramji Pathak, R.N. Chakraborty

CHARGE STATES OF HEAVY IONS IN A

A.M. Mazzone, CNR-
Italy.

and U.K. Chaturvedi, Banaras Hindu Univer-
sity, VDG Lab., Department of Physics,
varanasi, India.

A6.27 FORMATION OF METASTABLE SILICIDE

PHASE UNDER THERMAL ANNEALING AND BEAM
IRRADIATION OF Ni/Si THIN FILM BILAYERS,
Muhammad Z. Numan and Lim poh Leng, Indiana

University of Pennsylvania, Physics Depart-

ment, Indiana, PA.
A6.28 MICROSTRUCTURAL CHARACTERIZATION OF
TEXTURE 1IN TUNGSTEN FILMS MADE BY ION-

ASSISTED EVAPORATION,
Polytechnic Institute, Troy, NY: R.A. Roy,
R. Petkie, and K.V. Ramanathan, IBM T.J.
Watson Research Center, Research Division,
Yorktown Heights, NY.

A6.29 DEPOSITION OF THIN METALLIC FILMS
BY HIGH POWER ION BEAM TARGET EVAPORATION,

A. N. Zakutaev, I.F. Isakov, G.,E, Remnev,
Nuclear Physics Institute, Tomsk, USSR.

A6.30 COMPUTER SIMULATION OF ION BEAM
ENHANCED DEPOSITION OF TITANIUM NITRIDE
FILMS, Wang Xi, 2hou Jiankun, Chen Youshan,
Liu Xianghuai, and Zou Shichang, Shanghai
Institute of Metallurgy, Ion Beam Labora-
tory, Shanghai, China.

K. _Rajan, Rensselaer

A6.31 AES AND IR SPECTROSCOPIC STUDIES OF
SOI STRUCTURES FORMED BY ION IMPLANTATION,

Yu Yuehui, Lin Chenglu, and
Shanghai Institute of Metallurgy, Ion Beam
Laboratory, Shanghai, China; and P.L.F.

Hemment, University of Surrey, Department of
Electronic and Electrical Engineering,
Guildford, Surrey, United Kingdom.

A6.32 FORMATION OF BURIED OXYNITRIDE
LAYER INTO SILICA GLASS USING ION BEAM,
Keiji Oyoshi, Takashi Tagami and Shuhel
Tanaka, Nippon Sheet Glass Co., Ltd.,
Tsukuba Research Laboratory, Ibaraki, Japan.

A6.33 EVALUATION OF COMPOSITIONAL CHANGE
IN MASKLESSLY DEPOSITED LINES BY MICRO-RBS
ANALYSIS, A. Kinomura, Y.F. Lu, M. Takai, S.
Namba, Osaka University, Faculty of Engi-

neering Science and Research Center for
Extreme Materials, Osaka, Japan; M. Satou
and A. Chayahara, Government Industrial

Research Institute Osaka, Osaka, Japan.

A6.34 DEPENDENCE OF COMPOSITION AND
STRUCTURE OF ION-ASSISTED BORON NITRIDE THIN
FILMS ON PROCESS PARAMETERS, T.G. Tetreault,
J.K. Hirvonen, and G.R. Parker, Spire Corpo-
ration, Bedford, MA; P. Kullen, T. McDevitt,
Mellon Institute, Pittsburgh, PA; and J.P.
Hirvonen, Los Alamos National Laboratory,
Los Alamos, NM.

A6.35 COBALT SILICIDE FORMATION ON Si
SUBSTRATE HEAVILY DOPED WITH ARSENIC IONS,
V.V, Tokarev, BSSR Academy of Sciences,
Institute of Solid State and Semiconductor
Physics, Minsk, USSR.

A6,36
MONO-
ARGON

TITANIUM SILICIDE FORMATION ON
AND POLYCRYSTALLINE Si ENHANCED BY
IMPLANTATION, V,V, Tokarev, A.I.
Demchenko, U.Ch. Dulinets, BSSR Academy of
Sciences, 1Institute of Solid State and
Semiconductor Physics, Minsk, USSR.

JON BEAM MIXING OF LANTHANUM OXIDES
AND COPPER MULTILAYERS, J.P. Mathevet and A.
Traverse, Centre de Spectrométrie Nucléaire
et de Spectrométrie de Masse, Orsay, France.

26.38 ION BEAM MIXING OF METALLIC MULTI-
LAYERS, Agnés Traverse, Centre de Spectro-
métrie Nucléaire et de Spectrométrie de
Masse, Orsay, France.

A6.29 EFFECT OF IMPLANTATION CONDITIONS

ON THE MICROSTRUCTURE OF HIGH-DOSE OXYGEN
IMPLANTED SILICON~ON-INSULATOR MATERIAL, S.
Visitserngtrakul, Arizona State University,
Department of Chemical, Bio and Materials
Engineering, Tenpe, AZ: B.F. Cordts, Ibis
Technology Corporation, Danvers, MA; and S.
Krause, Arizona State University, Department
of Chemical, Bio and Materials Engineering,
Tempe, AZ.




A6.40 THE CORROSION RESISTIVITY OF CERMET
COATINGS MADE BY ION BEAM TREATMENT, Tian

Wei, and Cai Weiping, Wuhan Iron and Steel
University, Metallic Materials Department,
Wuhan, China.

A6.41 INVESTIGATION OF OXIDE/METAL MULTI-

LAYERS FOR SOFT X-RAY OPTICS FABRICATED BY

ION BEAM SPUTTERING, I. Kataoka, K. Ito, T.
Yonemitsu, K. Etoh, N. Hoshi, and I. Yamada,
Japan Aviation Electronics Industry, Ltd.,

Research and Development Department, Tokyo,
Japan.

A6.42 MOLECULAR DYNAMICS
IONIZED CLUSTER BEAM DEPOSITION,
Hsieh, R.S. Averback, Department
terials Science and Engineering,
of Illinois, Urbana, IL; and R.

SIMULATIONS OF
Horngming
of Ma-
University
Benedek,

Argonne National Laboratory, Argonne, IL.
SESSION A7:
CERAMIC CONDUCTOR
Chairs: S. P. Withrow and C. J. McHargue

Thursday Morning, November 30
Salon E (M)

8:30 *A7.1
ION BEAM MODIFICATION OF HIGH Tc SUPERCON-

DUCTORS, Q. Meyer, J. Geerk, G. Linker, B.
Strehlau, X.X. Xi, Kernforschungszentrum
Karlsruhe, Institut fur Nukleare Festkorper-

physik, Karlsrue, West Germany.

9:00 *A7.2
STRUCTURE OF AMORPHOUS Al 0,5 PRODUCED BY ION
IMPLANTATION, C.J. McHargue, P.S. Sklad, P.
Angelini, C.W. White and J.C. McCallum, Oak
Ridge National Laboratory, Metals and Ceram-
ics Division, Oak Ridge, TN.

9:30 A7.3
INFLUENCE OF ION BEAM MIXING ON THE GROWTH
OF HIGH TEMPERATURE OXIDE SUPERCONDUCTING

THIN FILM, N. Bordes, A.D. Rollet, M. Cohen,
M. Nastasi, Los Alamos National Laboratory,
Department MEE 11, Los Alamos, NM.
9:45 A7.4

INTERACTION BETWEEN IMPLANTED IONS AND
INTRINSIC DEFECTS IN SILICA, ’
Belmont College, Nashville, TN; R.A. Weeks,
vanderbilt University, Nashville, TN:; and R.

Zuhr, Oak Ridge Laboratory, Oak Ridge, TN.

10:00 BREAK

10:30

REFRACTIVE INDEX PROFILES OF HIGH DOSE Ti
IMPLANTED OPTICAL WAVEGUIDES IN L1Nb03, T.
Bremer, Universitat, FB. Physik, Osnabriick;
and Ch. Buchal, R. Irmscher, KFA, Jilich,
Institut fur Schicht-und Ionentechnik,
Jilich, West Germany.

10:45 A7.6
OPTICAL WAVEGUIDE FABRICATION BY STOICHIO-

METRIC IMPLANTATION OF Ti AND O INTO LiNbO5,

D.B, Poker, Oak Ridge National Laboratory,
Solid State Division, Oak Ridge, TN; and W.
Xia, University of California-San Diego,
Department of Electrical and Computer Engi-
neering, La Jolla, CA.

11:00 A7.7

MODIFICATION OF THE WEAR PROPERTIES OF
DIAMOND USING ION BEAM IRRADIATION, Gregory

C. Anderson and Steven Prawer, Royal Mel-
bourne Institute of Technology, Microelec-

tronics and Materials Technology Centre,
Melbourne, Australia.
11:15 A7.8

THE EFFECT OF ION INDUCED DAMAGE ON THE
MECHANICAL PROPERTIES OF ZIRCONIA, E.L.
Fleischer, T.L. Aalford, P. Bgrgesen, P.
Revesz, J.W. Mayer, Cornell University,
Materials Science and Engineering, Ithaca,
NY; and W. Hertl, Corning Inc., Corning, NY.

11:30 A7.9

THE FORMATION OF A SOLID LUBRICANT BORON
NITRIDE IN B4C BY ION IMPLANTATION AND LASER
ANNEALING, Robert R. Reeber, Ning Yu, Uni-
versity of North Ccarolina, Department of
Physics and Astronomy, Chapel Hill, NC; Wei-
Kan Chu, University of Houston, Texas Center

for Superconductivity and Department of
Physics, Houston, TX: and Robert P. Kusy,
University of North Carclina, Dental

Research Center, Chapel Hill, NC.

11:45 A7.10

CRYSTALLIZATION OF INTRINSIC AMORPHOUS
LAYERS PRODUCED BY STOICHIOMETRIC IMPLANTA-
TION OF Al AND O IONS IN a-AXIS ORIENTED
Al,04 SINGLE CRYSTALS, W. Zhou, D.X. Cao,

and D.K. Royal Melbourne Institute of
Technoloqy, Mlcroelectronlcs and Materials
Technology Centre, Melbourne, Australia.
[0) 8: ION OF
SEMICONDUCTORS
Chairs: E. Chason and M. J. Aziz

Thursday Afternoon, November 30
Salon E (M)

1:30 aA8.1

AMORPHOUS TO CRYSTALLINE PHASE TRANSFORMA-
TIONS IN HIGH DOSE ION IMPLANTED SILICON,
R.P. Thornton, R.G. Elliman, Y.H. Li, A.P.
Pogany, Royal Melbourne Institute of Tech-
nology, Microelectronics and Materials
Technology Centre, Melbourne, Australia; E.
Nygren, Ohio State University, Materials
Science and Engineering, Columbus, OH: and
J,S, Williams, Royal Melbourne Institute of
Technology, Microelectronics and Materials
Technology Centre, and Australian National
University, Electronic Materials Engineering
Department, Melbourne, Australia.



1:45 A8.2
STRESS AND PLASTIC FLOW IN SILICON DURING
AMORPHIZATION BY ION-BOMBARDMENT, C.A.
Volkert, AT&T Bell Laboratories, Murray
Hill, NJ.

2:00 A8.3
STRUCTURAL CHARACTERIZATION OF DAMAGE 1IN
Si(100) PRODUCED BY MeV Si*t-ION IMPLANTATION
AND ANEALING, M.K. El-Ghor, O.W. Holland,
C.W. White, and S.J. Pennycook, Oak Ridge
National Laboratory, Oak Ridge, TN.

2:15 AB.4
GETTERING OF CU AT BURIED DAMAGE LAYERS MADE
BY SI SELF IMPLANTATION, J.R. Liefting, R.J.
Schreutelkamp, W.X. Lu and F.W. Saris, FOM
Institute for Atomic and Molecular Physics,
Amsterdam, The Netherlands.

2:30 8.5
ANNEALING TEMPERATURE DEPENDENCE OF THE

ELECTRICAL ACTIVITY OF HIGH-DOSE Sb 1ION
IMPLANTS IN (100) SILICON, S.N. Kumar, G.

Chaussemy, A. Laugier, I.N.S.A. Lyon, Labor-

atoire de Physique de la Matiére, Villeur-
banne, France:; M. Charbonnier, and M.
Romand, CNRS, Laboratoire de Chimie
Appliquée, Villeurbanne, France; and B.
Canut, Université Claude Bernard, Labora-
toire de Physique des Matériaux, Villeur-
banne, France.

2:45 AB.6

ANNEALING BEHAVIOUR OF BURIED AMORPHOUS
LAYERS FORMED BY MEV 115INY IMPLANTATION IN

SI1(100), R.J. Schreutelkamp, J.R. Liefting,
FOM-Institute for Atomic and Molecular
Physics, Amsterdam, The Netherlands: W.X.
Lu, FOM-Institute for Atomic and Molecular
Physics, Amsterdam, The Netherlands and
Beijing Normal University, Beijing, China;
and Z.L. Wang. B.X. 2zhang, Beijing Normal
University, Beijing, China.

3:00 BREAK

3:30 A8.7

KINETICS AND MICROSTRUCTURE OF TRANSIENTLY
ANNEALED IMPLANTED POLYCRYSTALLINE SILICON
LAYERS, M.C. and, P.J. Timans, R.A.
McMahon, H. Ahmed, Cambridge University,
Microelectronics Research Laboratory, Cam-
bridge, United Kingdom; €. Hill, P.D.
Augustus and D.R. Boys, Plessey Research,
Allen Clerk Research Centre, Caswell,
Towcester, United Kingdom.

3:45 A8.8

COMPARISON OF THE EFFECTS OF N-TYPE AND P-
TYPE HYDROGENIC IMPURITY CONCENTRATIONS ON
THE SOLID PHASE EPITAXIAL GROWTH OF AMOR-

PHOUS SILICON, Young-Jin Jeon, University of

Texas, Center for Materials Science and
Engineering, Austin, TX; Won-Woo Park, M.F.
Becker, and R.M. Walser, University of

Texas, Department of Electrical and Computer
Engineering, Austin, TX.

4:00 8.9
COMPARISON OF MeV AND keV ION DAMAGE 1IN

GaAs, S.T. Johnson, Royal Melbourne Insti-
tute of Technology, Microelectronics and
Materials Technology Centre, Melbourne,
Australia; J.S. Williams, Royal Melbourne
Institute of Technology, Microelectronics

and Materials Technology Centre, and Austra-
lian National University, Electronic Mate-
rials Engineering Department, Melbourne,
Australia; and R.G. Elliman, Royal Melbourne

Institute of Technology, Microelectronics
and Materials Technology Centre, Melbourne,
Australia.

4:15 A8.10

IN SITU CRYSTALLIZATION STUDY OF Kr 1ION
AMORPHIZED Ge BY THERMAL ANNEALING WITH TEM,
Lu-Min Wang, Robert C. Birtcher, and Lynn E.
Rehn, Argonne National Laboratory, Materials
Science Division, Argonne, IL.

4:30 A8.11
ION IMPLANT ACTIVATION AND REDISTRIBUTION 1IN
Aleal-xAs, S.J. Pearton, W.S. Hobson, A.E.
Von Neida, AT&T Bell Laboratories, Murray
Hill, NJ; N.M. Haegel, University of Ccali-
fornia, Department of Materials Science, Los

Angeles, CA; K.S. Jones, University of
Florida, Department of Materials Science,
Gainesville, FL; N. Morris and B.J. Sealy,

University of Surrey, United Kingdom.

4:45 A8.12

DOPANT SITE LOCATION IN DUAL-IMPLANTED GaP
USING DEPTH OSCILLATIONS OF {111} PLANAR
CHANNELING TECHNIQUE, N,.R. Parikh, C.T. Kao,
D.R. Lee, J. Muse, M.L. Swanson, Univ. of
North Carolina, Department of Physics and
Astronomy, Chapel Hill, NC; and T.E. Haynes,
Oak Ridge National Lab., Oak Ridge, TN.

S10 : S SSION I
Peter Bgrgesen, James A. Knapp
and Ray A. Zuhr
Thursday Evening, November 30
7:00 p.m. - 10:00 p.m.
America Ballroom (W)

Chairs:

A9.1 IN-SITU STUDY OF RADIATION DAMAGE
IN V,05 INDUCED BY LOW ENERGY ELECTRONS,
Hanjie Fan, Rebecca Al and Laurence D.
Marks, Northwestern University, Department
of Materials Science and Engineering, Evans-
ton, IL.




— 4

A9,.2 As AND B ION IMPLANTATION THROUGH
Mo AND INTO Mo~SILICIDE LAYERS FOR SHALLOW
JUNCTION FORMATION, R. Angelucci, M. Merli,
S. Solmi, A. Armigliato, R. Fabbri, E.
Gabilli and A. Poggi, CNR - Instituto LAMEL,

Bologna, Italy.
AS.3 CHARACTERIZATION OF N AND B
IMPLANTED FUSED SILICA, G.W. Arnold and R.K.
Brow, Sandia National Laboratcries,
Albugquerque, NM.
A9.4 EXCIMER LASER INDUCED CRYSTALLIZA-

TION OF AMORPHOUS SILICON NEAR THRESHOLD,
R.Z. Bachrach, K. Winer, J.B. Boyce, F.
Ponce, S.E. Ready, R.I. Johnson and G.B.
Anderson, Xerox Palo Alto Research Center,
Palo Alto, CA.

A9.,5 ELECTRON BEAM INDUCED RADIATION
DAMAGE IN SUPERCONDUCTORS, S, Basy, T. Roy,
T.E. Mitchell and M. Nastasi; Los Alamos
National Laboratory, lLos Alamos, NM.

A9.6 DUAL IMPLANTATION OF Ti AND C INTO
SINTERED a-SiC AND HOT PRESSED SijNs, R,.S.

Bhattacharva, A.K. Rai, and D. Patrizio,
University Energy Systems, Inc., Dayton, OH.

A9,.7 X-~-RAY AND RAMAN TOPOGRAPHIC STUDIES
OF Si-ION IMPLANTED, PULSED-LASER-ANNEALED
GaAs, R.C. Bowman Jr., P. Adams, J.T.

Knudsen, Aerospace Corporation, Los Angeles,
CaA: H.D. Yao, University of Nebraska, Center
for Microelectronic and Optical Materials
Research, Lincoln, NE; and A.D. Compaan,
University of Toledo, Physics and Astronomy
Department, Toledo, OH.

SURFACE REACTIONS OF NiO AND CoO IN
THE ELECTRON MICROSCOPE ENVIRONMENT, Mary I.
Buckett and L.D. Marks, Northwestern Univer-
sity, Department of Materials Science and
Engineering, Evanston, IL.

A9.9 SUBNANOSECOND TIME-RESOLVED ELEC-
TRON DIFFRACTION FROM THIN CRYSTALLINE GOLD
FILMS, Hsiu-Chena Chen, University of
Rochester, Laboratory for Laser Energetics
and Department of Physics and Astronomy,
Rochester, NY; Gerard Mourou, University of
Michigan, Department of Electrical Engineer-
ing and Computer Science, Ann Arbor, MI; and
Robert Knox, University of Rochester,
Department of Physics and Astronomy, Roches-
ter, NY.

A9.10 IRRADIATION INDUCED METASTABLE
PHASE FORMATION 1IN AMORPHOUS THIN FILMS
DEPOSITED BY MAGNETRON COSPUTTERING, Qing:
Huazhong University of Science

Wuhan, China; Yu-Dian Fan
Li, Tsinghua University,

4

Ming Chen

and Technology,
and Heng-De
Beijing, China.
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CONDENSATION OF ULTRAFINE SILICA
Gan-Moog_ Chow,

A9.11
FROM A LASER-INDUCED PLUME,
Naval Research Laboratory, Composites and
Ceramics Branch, Washington, DC; and Peter
R. Strutt, University of Connecticut, In-
stitute of Materials Science, Storrs, CT.

A9.12 LASER VAPORIZATION AND DEPOSITION
OF LEAD ZIRCONATE TITANATE, Peter K.
Schenck, Lawrence P. Cook, National Insti-
tute of Standards and Technology, Gaithers-
burg, MD; Jiarong 2Zhao, Chinese Academy of
Science, Beijing, China; John W. Hastie,
Edward N. Farabaugh, Chwan-Kang Chiang, Mark
D. Vaudin, National Institute of Standards
and Technology, Gaithersburg, MD; and Philip
S. Brody, Harry Diamond Laboratories,
Adelphi, MD.

PHOSPHORUS IMPLANTATION OF 304L
STAINLESS STEEL, E.C. Cooney, D.I. Potter,
The University of Connecticut, School of En-
gineering, Institute of Materials Science,
Metallurgy Department,Storrs, CT; N.L. Lee
and G.B. Fisher, General Motors Research
Laboratories, Physical Chemistry Department,
Warren, MI.

DENSITY OF AMORPHIZED SILICON AND
ITS CORRELATION WITH STRUCTURE, J.S. Custer,
Michael O. Thompson, Cornell University,
College of Engineering, Department of Mate-
rials Science and Engineering, Ithaca, NY;:
J.M. Poate, D.C. Jacobson, AT&T Bell Labora-
tories, Murray Hill, NJ; S. Roorda, W.C.
Sinke, FOM Institute for Atomic and Molecu-
lar Physics, Amsterdam, The Netherlands:; and
F. Spaepen, Harvard University, Cambridge,

.

NOBLE GAS ION IMPLANTATIONS 1IN
LASER TREATED MATERIALS, J.Th.M. De Hosson,
Materials Science Centre, Department of
Applied Physics, Groningen, The Netherlands.

FEMTOSECOND LASER MELTING OF
GRAPHITE, D.H. Reitze, X. Wang, H. Ahn and
M.C, Downer, University of Texas at Austin,
Physics Department, Austin, TX.

A9.17 FORMATION OF DEFECT-FREE SHALLOW
JUNCTIONS BY LOW-TEMPERATURE RAPID THERMAL
ANNEALING, M.K. El-Gnor, S.J. Pennycook, and

R.A. 2uhr, Oak Ridge National Laboratory,
Oak Ridge, TN.
A9.18 A COMPARISON OF LOW AND HIGH DOSE

GALLIUM ION IMPLANTED POLYCRYSTALLINE SILI-
CON, H.B, Harrison, Griffith University,
Microelectronics Department, Brisbane,
Australia; A.P. Pogany, D.X. Cao, MMTL,
RMIT, Melbourne, Australia; and Y. Komen,
Technion, Israel.




RS )

A9.19 DIFFUSION OF CARBON 1IN TEMPERED
MARTENSITIC STEEL DURING LASER MELTING, J-P.
Hirvonen, T.R. Jervis and T.G. Zocco, Los
Alamos National Laboratory, Materials
Science and Technology Division, Los Alamos,
NM.

A9, 20 RAPID THERMAL ANNEALING OF Sit AND
P* DUALLY IMPLANTED InP, Shen Honglie, Yang
Genging, 2Zhou 2uyao, and Zou Shichang,
Shanghai Institute of Metallurgy, Ion Beam
Laboratory, Shanghai, China.

A9.21 MODELING OF LOCALIZED MELTING OF
THIN Si FILMS IN ZONE-MELTING RECRYSTALLIZA-
TION, J.S. Im, Massachusetts Institute of
Technology, Department of Materials Science
and Engineering, Cambridge, MA, and Mas-
sachusetts Institute of Technology, Lincoln
Laboratory, Lexington, MA; J.D. Lipman, I.N.
Miaoulis, Tufts University, Mechanical
Engineering Department, Medford, MA; C.K.
Chen, Massachusetts Institute of Technology,
Lincoln Laboratory, Lexington, MA; and C.V.
Thompson, Massachusetts Institute of Tech-
nology, Department of Materials Science and
Engineering, Cambridge, MA.

A9.22 EFFECTS OF NITROGEN ION IMPLANTA-
TION IN 304 STAINLESS STEEL AT HIGH TEMPERA-
TURES, Sadhna Shrivastava, Ram D. Tarey,
M.C. Bhatnagar, Amitabh Jain and K.L.
Chopra, Indian Institute of Technology, New
Delhi, India.

A9.23 ANALYTICAL STUDY OF EFFECT OF
ARSENIC CONCENTRATION ON SOLID PHASE EPITAX-
IAL GROWTH OF AMORPHOUS SILICON, Young-Jin
Jeon, University of Texas, Center for Ma-
terials Science and Engineering, Austin, TX;
M.F. Becker and R.M. Walser, University of
Texas, Department of Electrical and Computer
Engineering, Austin, TX.

A9.24 ION CHANNELING MEASUREMENTS OF
STRAIN IN GERMANIUM IMPLANTED AND ANNEALED
SILICON, E.A. Johnson and F. Namavar, Spire
Corporation, Bedford, MA; and R.J.
Culbertson, U.S. Army Materials Technology
Laboratory, Watertown, MA.

A9.25 LOW ENERGY Si AND Sn IMPLANTATION
OF GaAs, K.S. Jones, W.S. Rubart, L.
Seiberling, University of Florida, Gaines-
ville, FL:; and D.K. Sadana, IBM T.J. Watson
Research Center, Yorktown Heights, NY.

A9.26  HIGHLY STABLE W/p-Ing_g3Gag, 47AS
OHMIC CONTACTS FORMED BY RAPID™ THERMAL
PROCESSING, A, Katz, R.F. Karlickek Jr.,
J.D. Wynn, B.E. Weir, D. Maher, P.M. Thomas,

M. Soler, W.C. Dautremont-Smith, and L.C.
Kimerling, AT&T Bell Laboratories, Murray
Hill, NJ.
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A9,27 MOSSBAUER STUDY
STRUCTURES AROUND Te IMPLANTED IN Aly,-
Gaj.yxAs, H. Bemelmans and G. Langouche,
University of Leuven, Instituut voor Kern-
en Stralingsfysica, Leuven, Belgium:; and G.
Borghs, IMEC, Leuven, Belgium.

A9.28 ION BEAM METHOD TO STUDY FRACTAL
AGGREGATION OF MAGNETIC PARTICLES IN THIN
FILMS, J.R. Ding, L.J. Huang, Tsinghua
University, Department of Materials Science

OF THE DEFECT

and Engineering, Beijing, China; and B.X.
Liu, Tsinghua University, Department of
Materials Science and Engineering, and

Center of Condensed Matter and Radiation
Physics, CCAST (World Lab.), Beijing, China.

A9.29 MODIFICATION OF NITRIDE CERAMIC
STRUCTURE AND RESISTIVITY BY ION BEAMS, V.V.

i and A.V. Kabyshev, High Voltage
Institute, Tomsk, USSR.

A9.30 REDUCTION 1IN SECONDARY DEFECT
FORMATION IN MEV ION IMPLANTED SI(100), W.X.
Lu, R.J. Schreutelkamp, J.R. Liefting, and
F.W. Saris, FOM-Institute for Atomic and

Molecular Physics, Amsterdam, The Nether-
lands.

A%.31 AMORPHOUS METALLIC NiTi ALLOYS
FORMED BY PLASMA ION MIXING, Xiaoci 2Zheng,

R. Arthur Dodd, University of Wisconsin,
Materials SCience Department, Madison, WI:
John R. Conrad and Frank Worzala, University
of Wisconsin, NEEP and Materials Science De-
partment, Madison, WI.

LASER PULSE TRIGGERING OF THE
EXPLOSIVE CRYSTALLIZATION IN AMORPHOUS Si
AND Ge THIN FILMS, W, Marine and J.
Marfaing, UA CNRS, Faculté des Sciences de
Luminy, Département de Physigque, Marseille,
France.

A9.33 HREM OF ELECTRON BEAM INDUCED
AMORPHIZATION AND PHASE TRANSFORMATION 1IN
MoO, CRYSTAL, Shri R. Singh, Carnegie Mellon
University, MEMS Department, Pittsburgh, PA:
and Laurence D. Marks, Northwestern Univer-
sity, Center for Radiation Damage Studies,
Department of Materials Science and En-
gineering, Evanston, IL.

A9.34 THE EFFECTS OF ANNEALING ON THE
STRUCTURE AND DISTRIBUTION OF CHARGE STATES
OF IRON IMPLANTED INTO a-Al,03 AT 77K, C.J.

, P.S. Sklad, J.C. McCallum and C.W.
White, Oak Ridge National Laboratory, Metals
and Ceramics Division, ©Oak Ridge, TN:; A.

Perez and G. Marest, University Claude
Bernard, Villeurbanne, France.
A9,35 QUALITATIVE MODEL FOR SURFACE

RIPPLING OF 2ONE MELTING RECRYSTALLIZED
SILICON-ON-INSULATOR LAYERS, Paul W. Mertens
and Herman E. Maes, IMEC, Leuven, Belgium.

g _adnai

.



A9.36 PARAMETRIC STUDY OF THE ZONE-MELT-
ING-RECRYSTALLIZATION PROCESS OF SOI STRUC-
TURES, Joseph Lipman, Joannis N. Miaoulis,
Tufts University, Mechanical Engineering
Department, Medford, MA; and Jim S. Im, Mas-
sachusetts Institute of Technology, Mate-
rials Science and Engineering Department,
Cambridge, MA.

A9.37 THE EFFECT OF CHROMIUM IMPLANTATION
ON THE FRACTURE STRENGTH OF Al,05, M.E.
O’Hern, C.J. McHargue, C.W. White, Oak Ridge
National Laboratory, Oak Ridge, TN; and G.C.
Farlow, Wright State University, Dayton, OH.

A9.38 ION-IMPLANTATION INDUCED AMORPHIZA-
TION OF CERAMIC OXIDES, D. Pedraza, Oak
Ridge National Laboratory, Metals and Ceram-
ics Division, Oak Ridge, TN.

A9.39 METASTABLE STATES AND INCREASE IN
CORROSION-MECHANICAL RESISTANCE 1IN STEELS
IRRADIATED BY HIGH POWER ION BEAMS, A.D.
Pogrebnijak, V.P. Kushnarenko, N.N. Shabanov,
Nuclear Physics Institute, Tomsk, USSR; A.K.
Maksimov, Yu.M. Iesikov, V.M. Yugai, Tengiz-
neftegas, Kulsary Department, Kaz, USSR.

A9.40 ION BEAM INDUCED CONDUCTIVITY
CHANGES IN GLASSY CARBON, Douglas McCulloch
and Steven Prawer, Royal Melbourne Institute
of Technology, Microelectronics and Materi-
als Technology Centre, Melbourne, Australia.

A9.4]1 SYNTHESIS OF MoS, PHASE IN THE NEAR
SURFACE REGION OF A1203 AND Zr0O, BY ION
IMPLANTATION, A.K. Ral, R.S. Bhattacharya,
and D. Patrlzio, Universal Energy Systems,
Inc., Dayton, OH.

A9,42 EFFECT OF 7-RADIATION ON PHYSICO-
CHEMICAL PROPEITIES OF LANTHANUM COBALTATE
(LaCoo3) B. Srinivas, V.R.S. Rag, and J.C.
Kuriacose, Indian Institute of Technology,
Department of Chemistry, Madras, India.

A9.4 STRUCTURAL AND THERMODYNAMIC
PROPERTIES OF AMORPHIZED Si FORMED BY MeV Si
BEAMS, S, Roorda, W.C. Sinke, FOM Institute
for Atomic and Molecular Physics, Amsterdam,
The Netherlands; J.M. Poate, D.C. Jacobson,
S. Dierker, B.S. Dennis, AT&T Bell Labora-
tories, Murray Hill, NJ; P. Fuoss, AT&T Bell
Laboratories, Holmdel, NJ; and F. Spaepen,
Harvard University, Cambridge, MA.

A9.44 THE ROLE OF ION BEAMS IN CHANGING
THE STATE OF RELAXATION OF AMORPHIZED Si, S.
Roorda, W.C. Sinke, FOM Institute for Atomic
and Molecular Physics, Amsterdam, The Neth-
erlands; J.M. Poate, S. Dierker, B.S.
Dennis, D.C. Jacobson, AT&T Bell Laborator-
ies, Murray Hill, NJ; and F. Spaepen,
Harvard University, Cambridge, MA.
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A9.45 CONCENTRATION DEPENDENCE OF STRUC-
TUURE AND CONTACT ELECTRONIC DENSITY IN IRON
IMPLANTED SILICON, Francisco H. Sanchez and
Marcela B. Fernanue¢ van Raap, Universidad
Nacional de La Plata, Departamento de
Fisica, La Plata, Argentina.

AS.46 CHANGE IN MAGNETIC CHARACTERISTIC
OF 301 STAINLESS STEEL IRRADIATED WITH LASER
AND JION BEAMS, H. Sanda, M. Takai and S.

Namba, Osaka University, Faculty of Engi-
neering Science and Research Center for
Extreme Materials, Electrical Engineering

Department, Osaka, Japan.

A9.47 TRANSIENT DIFFUSION IN BORON ION
IMPLANTED SI(100), R.J. Schreutelkamp, FOM-
Institute for Atomic and Molecular Physics,
Ansterdam, The Netherlands; R.E. Kaim,
J.F.M. Westendorp, Varian/Extrion Division,
Beverly, MA; K.T.F. Janssen, J.J.M.
Ottenheim, Philips Research Laboratories,
Eindhoven, The Netherlands; and F.W. Saris,
FOM~-Institute for Atomic and Molecular
Physics, Amsterdam, The Netherland.

RBS STUDIES OF DAMAGE BEHAVIOR IN

SILICON INDUCED BY PZ IMPLANTATION, Yang
Genging, Lin Chenglu, Fang Ziwei, zhou
zuyao, and Zou Shichang, Shanghai Institute
of Metallurgy, Ion Beam Laboratory,
Shanghai, China.

. INVESTIGATION ON MECHANISMS FOR ION
BEAM INDUCED DEGRADATION OF POLYIMIDE, X.L.
Xu, zhou 2Zuyao, Chen Lizhi, ng_Jﬂl;gngng,
Shanghai Institute of Metallurgy, Ion Beam
Laboratory, Shanghai, China.

A9.50 EVALUATION OF SURFACE EFFECT ON
DISLOCATION LOOP NUCLEATION, Naoto
Shigepaka, Tsuneyuki Hashimoto, and Motomasa

Fuse, Hitachi Ltd., Energy Research Labora-
tory, Ibaraki, Japan.
A9.51 STRUCTURAL ANALYSIS OF METASTABLE

PHASES IN INTERMETALLIC ALLOYS PRODUCED BY
ELECTRON IRRADIATION AND NON-EQUILIBRIUM
PROCESSING, W. Sinkler and D.E. Luzzi,
University of Pennsylvania, Department of
Materials Science, Philadelphia, PA.

A9.52 SPATIAL DAMAGE DISTRIBUTION IN
ELECTRON-BEAM PROCESSED GAAS-ALGAAS HETERO-
STRUCTURES, EXPERIMENT AND THEORY, Doran D.
smith, U.S. Army, Electronics Technology and
Devices Laboratory, Department SLCET-ED, Ft.

Monmouth, NJ; Tobin Fink, New Jersey In-
stitute of Technology, Physics Department,
Newark, NJ; and W.D. Braddock, U.S. Army,

Electronics Technology and Devices Labora-
tory, Department SLCET-ED, Ft. Monmouth, NJ
and Cornell University, Ithaca, NY.




AS8,.53 ION IMPLANTATION INDUCED EFFECTS AT
POLYSILICON GATE FEATURE EDGES, M.G.
Stinson, Microelectronics Center of North
Carolina, Research Triangle Park, NC, and
North Carolina State University, Department
of Electrical and Computer Engineering,
Raleigh, NC; P.L. Smith, Microelectronics
Center of North Carolina, Research Triangle
Park, NC; and C.M. Osburn, Microelectronics
Center of North Carolina, Research Triangle
Park, NC, and North Carolina State Univer-
sity, Department of Electrical and Computer
Engineering, Raleigh, NC.

A9.54 FAST TRANSIENT ANNEALING OF NEUTRON
TRANSMUTATION DOPED InP, F.P. Korshunov,
E.A. Kudriavtseva, N.A. Sobolev, T.A.
Prokhorenko, and N.G. Kolin, Institute of
Solid State and Semiconductor Physics,
Minsk, USSR.

A9.55 EFFECTS OF LASER SURFACE MELTING ON
STRUCTURE CHARACTER AND EROSION RESISTANCE
OF PLASMA-SPRAYED CERAMIC COATINGS, Jia-Shu

Sun, Tianjin Institute of Technology, Tian-
jin, China.
A9.56 MICROSTRUCTURAL ANALYSIS OF 1 MEV

NITROGEN IMPLANTED FE AND TI SURFACES, A.M.
Vredenberg and F.W. Saris, FOM-Institute for
Atomic and Molecular Physics, Amsterdam, The

Netherlands; N.M. v.d. Pers, Th.H. de
Keijser, P.F. Colijn and E.J. Mittemeijer,
Delft University of Technology, Laboratory

of Metallurgy, Delft, The Netherlands.

A9.57 CHARACTERISTICS OF METAL-pt-GaAs
SCHOTTKY BARRIER JUNCTION FORMED BY FOCUSED-
ION-BEAM IMPLANTATION, Nobuo Watanabe, Takeo
Tsukamoto and Masahiko Okunuki, Canon,
Research Center, Kanagawa, Japan.

A9.58 STUDY OF Hf DIFFUSION IN o-Zr USING
RUTHERFORD BACKSCATTERING SPECTROMETRY, M.
Behar, P.L. Grande, F.C. Zawislak, Instituto
de Fisica, UFRGS Porto Alegre, Brasil; F.
Dyment and E. Savino Comissién Nacional de
Energia Atémica, Buenos Aires, Argentina.

A9.59 COOPERATIVE BEHAVIOR IN AN ELECTRON
STIMULATED T1l-Ba-Ca-Cu-0O SUPERCONDUCTOR,
J.P. Zhang and L.D. Marks, Northwestern
University, Center for Surface Radiation
Damage Studies, Department of Materials
Science and Engineering, Evanston, IL.

A9.60 THE INTERACTION OF INERT GAS IONS
WITH ADSORBATE~COVERED CRYOGENIC SURFACES,

Patricia M. George, John M. Lindquist, Daryl
L. Mossman, Gencorp Aerojet Electrosystems
Co., Azusa, CA.
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SESSION Al0: F ROCESS
Chairs: P. S. Peercy and J. A. Knapp
Friday Morning, December 1
Salon E (M)

8:30 *A10.1
TRANSIENT CONDUCTANCE MEASUREMENTS, M.O.
Thomrpson, Cornell University, Department of
Materials Science and Engineering, Ithaca,
NY.

9:00 AlQ.2 ,

FREEZING IN SILICON AT LARGE -UNDERCOOCLING,
A. Polman, P.A. Stolk and W.C. Sinke, FOM-
Institute AMOLF, Amsterdam, The Netherlands.

9:15 Al0.3
TRANSIENT CONDUCTANCE MEASUREMENTS OF SOLID-
IFICATION VELOCITIES OF ELEMENTAL METALS,

Harry A. Atwater, California Institute of
Technology, Pasadena, CA; J.A. West, Patrick
M. Smith, M.J. Aziz, Harvard University,

Division of Applied Sciences, Cambridge, MA;
J.Y. Tsao and P.S. Peercy, Sandia National
Laboratories, Albugquerque, NM; and Michael
0. Thompson, Cornell University, Department
of Materials Science and Engineering,

Ithaca, NY.

9:30 Al0.4
OBSERVATION OF PULSED LASER-INDUCED MELTING
OF SOLID SURFACES BY OPTICAL SPIN ORIENTA-
TION, A. Vaterlaus, M. Lutz, D. Guarisco, M.
Aeschlimann, M. Stampanoni, and F. Meier,
ETH Hénggerberg, Laboratorium fuir Festkér-
perphysik, Zurich, Switzerland.

9:45 AlQ0.5

SUB-MELTING LASER INDUCED GRAIN GROWTH, S.A.
Ajuria, C.V. Thompson, Massachusetts Instl-
tute of Technology, Department of Materials
Science and Engineering, Cambridge, MA.
10:00 BREAK

10:30 Al0.6

PULSED LASER MELTING OF INTERMEDIATE Cu-Zn
PHASES, D.M. Follstaedt and P.S. Peercy,
Sandia National Laboratories, Albuguergue,
NM; and J.H. Perepezko, University of Wis-
consin, Department of Metallurgical and
Mineral Engineering, Madison, WI.

10:45 AlO.7
LASER MIXING OF TITANIUM ON SILICON CARBIDE,
T.R. Jervis, J-P. Hirvonen, M. Nastasi and
M.R. Cohen, Los Alamos National Laboratory,
Materials Science and Technology Department,
Los Alamos, NM.

11:00
TEMPERATURE MEASUREMENT BY INFRARED TRANS-
MISSION FOR RAPID THERMAL PROCESSING AP-

PLICATIONS, J.C., Sturm, P.V. Schwartz, and
P.M. Garone, Princeton University, Dept. of
Electrical Engineering, Princeton, NJ.




11:15
METASTABLE GE-SN ALLOY LAYERS PREPARED BY

PULSED LASER MELTING, I.T.H. Chang, B.
Cantor, University of Oxford, Department of
Metallurgy and Science of Materials, Oxford,
United Kingdom; and A.G. Cullis, Royal
Signals and Radar Establishment, Worcs,
United Kingdom.

11:30

CHARACTERIZATION OF PULSED LASER BEAM MIXED
AuTeGaAs OHMIC CONTACTS, K. Wuyts, R.E.
Silverans, K.U. Leuven, Physics Department,
Leuven, Belgium; M. Van Hove, and M. Van
Rossum, Interuniversity Microelectronics
Center, Leuven, Belgium.

11:45 Al0.1)

MELTING OF ION IMPLANTED AND RELAXED AMOR-
PHOUS SILICON, M.G. Grimaldi, P. Baeri,
Dipartimento di Fisica, Catania, Italy; and
G. Baratta, Istituto di Astronomia, Catania,
Italy.

Chair: D. M. Follstaedt
Friday Afternoon, December 1
Salon E (M)
1:30 *All.1

MARTENSITIC TRANSFORMATIONS IN ION IMPLANTED
STAINLESS STEELS, E, Johnson, University of

Copenhagen, Physics Laboratory, Copenhagen,
Denmark.
2:00 All.2

HARDNESS-DAMAGE CORRELATIONS IN Ta IMPLANTED
SINGLE CRYSTAL NisAl, Gary S. Was, Univer-
sity of Michigan, Departments of Nuclear
Engineering and Materials Science and Engi-
neering, Ann Arbor, MI; and S. Mantl, KFA
Jilich, Institut fiir Schicht-und Ionentech-
nik, Jilich, West Germany.

2:15

IRRADIATION-INDUCED AMORPHIZATION AND SHEAR
ELASTIC INSTABILITY IN INTERMETALLIC COM-
POUNDS, J. Koijke, Los Alamos National Labor-
atory, Center for Materials Science, Los
Alamos, NM; P.R. Okamoto, L.E. Rehn, R.
Bhadra, M.H. Grimsditch, Argonne National
Laboratory, Materials Science Division, Ar-
gonne, IL; and M. Meshii, Northwestern Uni-
versity, Department of Materials Science and
Engineering, Evanston, IL.

2:30
THE EFFECT .OF MICROSTRUCTURE ON THE MORPHOL-
OGY AND KINETICS OF AMORPHIZATION INDUCED BY
ION IRRADIATION, D.F. Pedraza and P.J.
Maziasz, Oak Ridge National Laboratory,
Metals and Ceramics Division, Oak Ridge, TN.
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2:45  All.5
EXTENDED SOLID SOLUTION FORMATION IN THE Ti-

Co-Ni SYSTEM, David A. Lilienfeld and P.

Bgrgesern, Cornell University, Ithaca, NY.

3:00 All.6
CHARACTERIZATION OF HIGH-DOSE CARBON-ION~-

IMPLANTED AND ANNEALED Nb, J.5. Huang,
Lawrence Livermore National Laboratory,
Livermore, CA.

3:15

STRENGTHENING OF ALUMINUM BY OXYGEN IMPLAN~
TATION: EXPERIMENTAL RESULTS AND MECHANICAL
MODELING, Roy J., Bourcjer, Samuel M. Myers
and David M. Follstaedt, Sandia National
Laboratories, Albuquerque, NM; and Douglas
H. Polonis, University of Washington, Mate-
rial Science and Engineering Department,
Seattle, WA.

3:30
ION BEAM INDUCED PERCOLATION CLUSTERING IN
Al-Fe-Cu ALLOY FILMS, C.H. Shang, Tsinghua
Unlver51ty, Department of Materials Science
and Engineering, Beiijing, China; and B.X.
Liu, Tsinghua University, Department of
Materials Science and Engineering, and
Center of Condensed Matter and Radiation
Physics, CCAST (World Lab.), Beijing, China.

3:45
UNUSUAL MICROSTRUCTURES OF A METASTABLE
CRYSTALLINE PtgqTigg ALLOY UNDER ION BOM-
BARDMENT, Y.L. Chen, Y.-T. Cheng, J.V.
Mantese, and A.B. Catalan, General Motors
Research Laboratory, Warren, MI.




1 -
Al.l
[.OW ENERGY 10N BEAM SURFACE MODIFICATION, DEPOSITION,
AND SYNTHESIS J_J. Cuomo, IBM Rescarch Division, 'I'. ). Watson Research

Center, P.O. Box 218, Yorktown lleights NY 10598,

Fncrgetic particle bombardment of surfaces will change the propertics of that sur-
face according to the particle and its cnergy. This paper is a review of low energy
particle bombardment of surfaces during film growth. Property modifications,
deposition and compound synthesis  arc  presented. Fnergetic  particle
bhombardment (100-1000 ¢V) during deposition alters film properties such as stress,
density, electrical resistivity, chemical purity, hydrogen distribution, structure and
composition. Physical propertics as well as the hydrogen content of Nb, Cr, W,
and Cu are controlled by ion bombardment during deposition. Energetic particle
bombardment of a growing 70, film reduces its porosity and increase its index
of refraction. Changes in microstructure and orientation are found in Nb, AIN and
Group 1V B nitnide {ilms. Synthesis of stable and metastable phases for high T,
supcrconductors, copper oxides, Cr();, AIN, and Group 1V B mono and higher
nitrides are also possible with energetic ion bombardment. Results on amorphous
diamond-like carbon films deposited by ion beam deposition will also be presented.

Al.2

ION BEAM-ASSISTED MBE.* E. Chason, J.Y. Tsao,
K.M. Horn, D.K. Brice and §S.T. Picraux,
National Laboratories, Albuquerque, NM 87185

Simultaneous growth and ion bombardment is shown
to enhance the smoothening of surfaces during MBE
growth under certain conditions. For example, a
500 eV Ar ion beam roughened surface at 500 C is
smoothened after 1less than two monolayers of
subsequent growth and bombardment. This beam-
enhanced smoothening phenomenon is discussed in
terms of a competetive balance between creation
and annihilation of Jdifferent types of surface
defects; low energy ion beams create primarily
vacancy-like defects while growth beams create
adatom defects. The evolution of the surface
is mediated by the interaction of these defects
with each other and existing ledges and clusters.

Real-time measurements of the Xkinetics of surface
roughening and smoothening  made by  RHEED
(reflection high energy electron diffraction) are
discussed in terms of this picture. During ion
bombardment, surfaces are observed to reach a
temperature dependent steady state roughness. A
similar temperature dependence is observed for
growth roughening. Yet, surprisingly, simul-
taneous ion bombardment and growth has been
observed to lead to a smoothening of the surface.
The energy and mass dependence of the bean
assisted MBE results are compared with
calculations of surface and bulk displacement
thresholds.

*This work performed at Sandia National Labora-
tories supported by the U.S. Department of Energy
under contract §DE-AC04076DP00789.

Al.3

LOW ENERGY ION BOMBARDMENT AND ISLAND COARS-
ENING IN THIN FILMS, Chih H. Yang and Harry A. Atwater,
California Institute of Technology, Pasadena, CA, 91128,

Low energy ion bombardment during thin film deposition has
been shown to significantly modify the microstructure of de-
posited polycrystalline thin films. However, little of a funda-
mental nature is known about the interaction of a low energy
ion beam with a discontinuous film at the early stages of growth,
and the resulting effect on microstructure. We have modeled the
effects of low energy ion bombardment on post-nucleation coars-
ening of islands in discontinuous films, using a procedure similar
to the classical analysis of coarsening of Lifschitz, Siyozov and
Wagner(LSW). Solution of a continuity equation, subject to the
constraint of mass conservation, coupled with interface-limited
and diffusion-limited rate laws for island coarsening allow vari-

Sandia’

15

ous types of ion-surface interactions and island size distributions
to be modeled.

It has speculated that several different phenomena may occur
as a result of low energy ion bombardment during film growth,
including enbanced adatom diffusion, sputtering, dissociation of
small islands and generation of new nucleation sites. Our anal-
ysis suggests that each of these phenomena leads to a unique
kinetic path for coarsening and very different film microstruc-
tures. Hence it may be possible, through a study of island coars-
ening kinetics to assess the relative importance of adatom dif-
fusion, sputtering, island dissociation, etc. in determining film
microstructure resulting from ion assisted deposition.

Al.4

ION BEAM ASSISTED ZIRCONIUM NITRIDE FILMS.
L.C.Oppenheim, Materials Science and Engineering, The Johns
Hopkins University, Baltimore, MD 21218, K.R.Padmanabhan,
Depantment of Physics and Astronomy, Wayne State University,
Detroit, MI 48202.

RF sputter deposition of 500nm thick zirconium films was carried on
simultaneously with implantation of singly ionized molecular nitrogen.
Samples were prepared at room temperature (23 °C) with a nitrogen to
zirconium arrival ratio varying from 2.7x10-2 t0 4.4x10-t and with the
ion energy varying from 100 to 300keV.

Stoichiometry of the films and ion concentration profiles were
determined by Rutherford Backscattering Spectrometry. Results from a
theoretical model for the ion concentration profiles will be compared to
profiles derived from experiments. Grazing Angle X-Ray Diffraction
was used to correlate nitride phase formation to processing parameters.

Knoop microhardness of films deposited on 304 stainless steel
substrates were determined. The relative microhardness of the samples
are studied as a function of parameters such as film stoichiometry and
ionimplantationenergy.

Al.5

IMPORTANCE OF SURFACE PREPARATION IN DIRECT ION
BEAM DEPOSITION(IBD) Kiyoshi Miyake,

Hitachi Research Laboratory, Kuji-cho 4026,
Hitachi, Ibaraki 319-12 JAPAN.

Firstly epitaxial growth of Si and Ge films
using mass-separated low energy direct IBD method
is discussed. Ou; IBD system provides an
isotopically pure 4Get or sit ign beam with
100-200 eV and 100-300 uA in 10°° Pa vacuum
pressure. Si epitaxial growth is posiéblf at 740°C
on Si(100) substrates using 200 eV Si” ion beam
without special surface cleaning. The crystalline
properties of the deposited films will be
discussed from the view point of surface
preparation and impurity inclusion problem.

Secondary a new attempt for Si surface cleaning
method is presented which utilize low energy(0.5-
1.0 keV) hydrogen ion irradiation to remove Si
surface native oxide., K In-situ AES analysis of
Si0,/Si layer under Hy" ion bombardment indicates
tha% chemical sputtering of SiO; by ion implanted
H ions at 450-500°C plays a great role to remove
surface S5i0, oxide.

Through these two dicussions the importance of
surface preparation in direct ion beam deposition
will be stressed.




Al.6
PREPARATION AND CHARACTERIZATION OF

ION BEAM ASSISTED
ALUMINUM OXIDE FILMS. J. K. Hirvonen, T. Tetreault, G.
Parker and B. W. Murray, Spire Corporation, Bedford, MA;
P. Revesz, Cornell University, Ithaca, NY.

Dense, adherent, physically robust and high optical grade
aluminum oxide coatings are required for protective
coatings on optical reflecting surfaces. Electron beam
evapcration of A1203 (or Al) has been used in conjunction
with low energy {200-600 eV) oxygen ion bombardment from a
Kaufman type ion source to produce such coatings for a
range of evaporant to ion flux ratios on silicon and carbon
substrates. The film's densities and stoichiometries have
been measured using surface profilometry and RBS
measurements and ellipsometry has been used to measure
refractive indices. Mechanical characterization includes
microhardness tests and adhesion tests. Initial results
indicate that highly dense and adherent films with high
refractive indices can be obtained using ion assisted
deposition.

Al.7
SILICON OXIDE FILM FORMATION BY THE SIMULTANEOUS USE

OF A MICROWAVE ION SOURCE AND AN 1ICB SYSTEM.  Gikan
H. Takaoka, Hiroshi Tsuji, and Junzo Ishikawa, Kyoto
lniversity, Sakyo, Kvoto 606, Japan

Silicon oxide (S8i0,) films, which are amorphous
and insulating materials with a large band gap, have

wide applications for functional coatings in semiceonductor
devices. We have prepared Si0O, films at a substrate
temperature of 100°C by the simultaneous use of a microwave
ion source and an ICB system. The microwave ion source
system is used to produce low energy (100—290 eV) oxygen
ion beams in a high vacuum of about 10 Torr. In
the ICB system, SiO-clusters are formed, and the ionized
and neutral clusters are transferred to a substrate
to make a contribution to the film formation.

By using oxygen ions, the transparent Si0, films
could be obtained, and they showed a refractive index
of 1.46. The chemical etching rate was low and similar
to that of thermally grown films used in Si device
processes. The bonding between Si and O atoms in these
€ilms could be enhanced by using both ionized clusters
and oxygen ions, and the stoichiometric 3i0, films
were obtained. Also, e films showed an electric
resistivity higher than 610 Q-cm, and a breakdown voltage
was larger than 2 x 10 V/cm. Furthermore, the surface
state density calculated from Llhle (;—2\1 g?aracteristic
for the film was found to be 6 x 107" cm * eV
that the simultaneous of
a microwave ion source and an ICB system has high
potential for preparing chemically stable S5i0, films
and that the films prepared can be applied to insulating
and passivation coatings.

use
a

These results show

Al.8

METASTABLE. CrO, 1IEM FORMATION BY REACTIVE 10N BEAM
SYNTHESIS AND RAPID THERMAI ANNEALING. K. V. Ramanathan,
C. Richard Guarnieri, 1. 1. Cuomo, 1>, A, Smith, and S Shivashankar, 1BM Re-
scarch Division, 1. 1. Watson Rescarch Center, P.0). Box 21R, Yorktown Teights
NY DSO8R,

Mctastable CrQ), films arc made by reactive jon beam synthesis followed by rapid
thermal anncaling.  Both steps are required 10 obtain polycrystalline Cr(); films.
Amorphous films with some Cr(), nuclei are grown by hombarding Cr deposited
hy thermal evaporation with low cnergy (< 500 ¢V) 0f ions on substrates in the
temperature range of 20-70°C.  As deposited, these films are generally a mixture
containing different phases of chromium oxide (Cr0), Cry(),, Cr(),, and Cr0,).
Substrate tcmperature, ion encrgy, and the arrival rates of O] to Cr influcnce the
composition and structure of the as-deposited film.  Rapid thcrmal annealing is
nccessary to scparate and grow metastable structures like Cr(), from the as depos-
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ited oxide mixture. Soak iemperatures of 400°C with rapid heating 10 S00°C are
uscd in the rapid thermal anncaling. [owever, films deposited at substrate tem-
peratures greater than 70°C convert to Cr,O), following anncaling. Fumace
annealing of as-deposited films also results in the equilibrium Cr, (3, phase.

Al.9

ADHESION STUDIES OF Au FILMS ON GaAs USING ION-ASSISTED
DEPOSITION TECHNIQUES. T. T. Bardin, and J. G. Pronko
Lockheed Research and Development Division, 0/9I-10, B203,
3251 Hanover St., Palo Alto, CA 94304-1191. A. J. Kellock
and J. E. E. Baglin, IBM Almaden Research Center, K34,/802,
650 Harry Road, San Jose, CA 95120-6099.

Previous workl/2 on the adhesion of Au metallization to
GaAs indicated that bonding of the metallization is
extremely sensitive to surface contamination. A series of
experiments have been performed in an effort to understand
the correlation between surface contamination, evaporation
conditions, interface grain size, and film adhesion.
These experiments include a study of the influence of in
situ pre-sputtering of the semi-conductor surface with
Tow-energy Ar ions prior to thermal deposition of Au films
as well as ion-assisted thermal deposition of Au.
Deposition conditions were varied in order to study the
effects of substrate temperature, Ar ion bombarding energy
and the relative flux of Ar ions to incident Au atoms.
Adhesion was investigated using a peel test. In addition
the interface of f£ilms processed under these various
conditions was examined by XPS, RBS, and TEM methods.
Film stress and interface grain size were studied by x-ray
diffraction and x-ray rocking curve measurements. The
results of these experiments will be discussed.

lp, T, Bardin, J. G. Pronko,
ymp. Proc. 119 (1988) 147.
T. T. Bardin, J. G. Pronko,
Lett. 54 (1989) 173.

L. Senbetu, Mat. Res. Soc.

and D. A. Kozak, Appl. Phys.

A2.1

IRRADIATION-INDUCED GRAIN GROWTH: THE ROLE OF
DISLOCATIONS.* Charies W. Alien and Lynn E. Rehn, Materials
Science Division, Argonne Natonal Laboratory, Argonne, IL 60439.

Thermally activated grain growth generally occurs by a grain boundary
migration mechanism and at temperatures typically in excess of a third to
half the absolute melting point of the particular material. In contrast,
irradiation-induced grain growth is nearly athermal. In situ observations
during heavy ion irradiation of evaporated Au thin films in Argonne’s
HVEM-Tandem User Facility at temperatures as low as 10 K have clearly
demonstrated that the irradiation-induced growth occurs both by grain
boundary migration and by grain coalescence. Previous theories of
irradiation-induced grain growth have assumned that growth occurs by the
boundary migration mechanism alone and that only point defects created at a
grain boundary contribute to the growth process. These in situ studies show
that boundary migration is not the only operative mechanism, and direct
observation of defect cluster dynamics strongly suggests that the basic
assumptions of previous theorics of irradiation-induced grain growth are at
least not universal. A simple model, involving glide of dislocations resulting
from the condensation of point defects, even far removed from a boundary,
shows that glide of dislocations through a boundary produces local
boundary migration while glide to a boundary with incorporation of the
dislocations into the boundary structure changes the local specific grain
boundary energy which can promote grain coalescence. In either event, the
result is essentially the same as it would have been from the flux of the
initial vacancies or self-interstials through or to the boundary by bulk
diffusion. It is suggested that the role of dislocations may be especially
imponant in the case of irradiation-induced grain growth in gold in which
growth rates are several times faster than in other pure metals such as Cu,
Ag, Ni and Al and the visible dislocation activity during irradiation is
extraordinary.

*Work supported by the U.S. Department of Energy, Basic Energy
Sciences-Materials Sciences under Contract #W-31-109-ENG-38.
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A2.2

ION-BEAM-INDUCED EPITAXIAL CRYSTALLIZATION OF
Ge,Si;./Si EETEROSTRUCTURES. R.G. Elliman. M.C.
Ridgway, J.S. Williams, Microelectronics and Materials
T logy Centre, Royal Melbourne Institute of Technology,
GPO Box 2476V, Melbourne, Victoria 3001, Australia; and ggg
g&n, AT and T Bell Laboratories, Murray Hill, New Jersey 07974,

Ge:Sij.:layers of approximately 100 nm thickness, grown
epitaxially on (100) Si substrates by molecular beam epitaxy, were
amorphized to either half their total thickness (thin) or completel
amorphized to a depth beyond the GeSi/Si interface (thick) by Si
implantation at —196°C. lon-beam annealing of the amorphous
GeSi alloys was then investigated for a variety of irradiation
conditions. Samples were examined by high depth resolution
Rutherford backscattering and channeling and by transmission
electron microscopy. uch analysis revealed that ion—beam
annealing caused epitaxial crystallization of both the thin and thick
amorphous layers. The crystalline perfection of the regrown
material and details of the commensurate/incommensurate
transformaaign are reported for alloy compositions in the range x =
0.1tox=0.8.

A2.3

DEPENDENCE OF INTERFACE VELOCITY ON NOBLE METAL
SEGREGATION DURING ION BEAM ENHANCED EPITAXY.
J. S. Custer and Michael O. Thompson, Comell University, Ithaca, NY;
J. M. Poate and D. C. Jacobson, AT&T Bell Laboratories, Murray Hill,
NJ.

Jon beam enhanced epitaxy (IBEE) of amorphous Si (a-Si) on crystal Si
(c-Si) is a novel, low temperature crystal growth process, offering
potential insights into long standing problems in basic crystal growth,
Recent work has focussed on measuring the segregation and trapping of
fast-diffusing noble metals (Cu, Ag, and Au) during MeV Ar induced
IBEE, and comparing the results with classical segregation theory.

In this work we use MeV Si beams to induce IBEE of both intrinsic and
doped a-Si layers while continuously monitoring the a-Si/c-Si interface
position with the time resolved reflectivity technique. For Au doped
layers, we observe a transient velocity enhancement of up to a factor of
2 during the build up of the Au segregation spike. The observed
velocity changes for Au doped a-Si during IBEE are much less than the
velocity enhancements observed for thermal anneals. The difference
between the velocities for various impurities will be discussed.

Accurate velocity profiles are also required to sensitively compare
impurity movement during IBEE with classical segregation theory. The
apparent segregation coefficients and the effects of the interface velocity
on the segregation will be presented.

A2.4

1ON BEAM INDUCED CRYSTALLIZATION IN PREAMORPHIZED BP(100).
Nagto Kobayashj., Hiseo Kobayashi, Hisao Tanoue and Nobuyuki
ﬁ;yashl. Electrotechnical Laboratory, Tsukuba, Iibaraekl,
Japan; Yukinobu Kumashiro, Yokohams National University,
Yokohama, Kanagawa, Japan

fon beas induced epitaxial crystallization (IBIEC) in pre-
amorphlized BP(i00) have been investigated by means of RBS
channeling sethod. BP is an attrsctive material which is a
refractory wide bandgap semiconductor with melting point
above 30000C and bandgap of 2.1 eV.

BP(100) samples prepared by thersal CYD on Si(100) were
preasorphized in the surface region with 70 keV Ar and 100
keY As ions. Re-crystallization wes induced by subsequent
ion bombardments with 400 keV Ar and 400 keY Kr at tempera-
ture range between 200°C and 400°C, The current densities of
Ar and Kr ions were selected to give the same ener(; depos |-
tion rate l£ the elastic collision process (4uAh/cné for Ar*
and 1uA/cwe for Kr*). Epitaxial crytallization was observed
at temperatures much below those regquired for the thermal
solid phase epitaxy (SPE) process (above 8009C). The criti-
cal tempersture for crystallization st these current den-
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sities was 2309C. The activation energy observed by both
lon species bombardments was 0.17+0.06 eV. The regrowth
rate in the sample preamorphized with As ions was found to
be 1.8 times 8s large as in the sample pressorphized with
Ar ions. The regrowth rate as a function of the deposited
energy density into nuclear collision at a given temperature
was roughly one-quarter of that in the preamorphized Si(1l})
vhich was observed in comparison under the same experimental
condition. On the same scale, Ar bombardments were found to
be 2.7 times more effective in the regrowth rate than Kr ion
bombarduents.

A2.5

AMORPHOUS TO POLYCRYSTAL TRANSITION
ASSISTED BY 10N BEAM IRRADIATION IN SILICON.
C. Spinella, 8. Lombardo and S.U. Campisano, Dip. di Fisica
dell’Universita, corso Italia 57, 195129 Catania (ITALY).

The amorphous to polycrystal transition in chemical va-
por deposited silicon films under K'r ion beam irradiation has
been studied in the 320 - 450 °C temperature range. The
grain size distribution is very narrow and the grain shape is
cylindrical. Moreover the average grain diameter increases
linearly with the ion dose. The growth rate is thermally ac-
tivated with an activation energy of 0.28 eV, equal to that
for the ion beam induced epitaxial layer by layer crystalliza-
tion of amorphous silicon. The structure of the crystal grains
has been studied in details and twins around (111) axis have
been observed. This could explain why the absolute value of
the grain growth rate is equal to that for ion beam assisted
epitaxial crystallization on (111) substrate orientation. Data
about the grain nucleation rate under ion beam irradiation
are also reported and compared with those obtained for pure
thermal processes. The results are explained in terms of a
variation of the free energy difference between the amorphous

and the crystal phase caused by the ion beam.

A2.6

FORMATION OF BURIED ELEMENTAL LAYERS USING ION
IMPLANTATION, D.W. Brown* and Z.A. Munir, Div. of
Materials Science and Engineering, Univ. of Calif. Davis,
Davis, CA 95616, and R.G. Musket, Lawrence Livermore
National Laboratory, P.0. Box 808, Livermore, CA 94550

We have shown that ion implantation can be used to
form an essentially pure buried layer of an implanted
element in a target material. Rutherford backscattering,
cross-sectional transmission electron microscopy, scanning
etectron microscopy, and Auger electron spectroscopy
revealed that a distinct aluminum Tayer was formed in
single crystal beryllium during post-implant annealing
(500°C, 1 hr) of samples implanted with 200 keV Al+.

The Al-Be system Is a representative of binary systems in
which the elements have low mutual solubility and do not
form intermediate phases. In such systems, precipitation
of the implanted element can occur during implantation
and/or post-implant annealing, creating the possibility of
layer formation by processes that result in precipitate
coalescence. For the Al-Be system, coalescence of the
implanted aluminum into a layer during amnealing was found
to depend critically on dose for 50°C implants.
Implantation at higher temperatures showed that layer
formation was also dependent on the aluminum-precipitate/
beryllium-matrix microstructure prior to annealing.
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Considerations for the formation of buried elemental
Tayers in other systems are discussed.

Work performed under the auspices of the U.S. Department
of Energy by Lawrence Livermore National Laboratory under
contract #W-7405-Eng-48.

*Current address: Lawrence Livermore National Laboratory,
P.0. Box 808, Livermore, CA 94550.

A2.7

ION~-BEAM-INDUCED EPITAXIAL CRYSTALLIZATION OF
METAL SILICIDES. j .G. Elliman, and J.S.
Williams, Microelectronics and Materials Technology Centre,
Royal Melbourne Institute of Technology, GPO Box 2476V,
Melbourne, Victoria 3001, Australia.

Ion—beam—induced epitaxial tallization of disordered metal
silicides has been investigated. Epitaxial NiSi; and CoSi, layers on
(111) Si substrates were implanted with low ener%' Si ions to form
a disordered surface layer containing both amorphous and heavily
damaged crystalline material. Epitavial recrystallization during
subsequent high ener jon irradiation proceeded in a
layer—by—layer manner from the original disordered/crystalline
interface. For a disordered NiSip layer at 450C, 300 keV Si ion
irradiation resulted in an ion—beam—induced growth rate of 14+6
nm/10%5 Si/em2. Dislocation densities of the ion—beam annealed
layers were greater than those of the original epitaxial layers.
Samples were analyzed with Rutherford backscattering
spectrometry combined with channeling and transmission electron
microscopy. lon beam and thermal annealing are compared.

A2.8

ION-BEAM SYNTHESIS OF BURIED YTTRIUM SILICIDE. T. L. Alford,
Material Science and Engineering Department, Cornell
University, 1Ithaca, NY 14853; and J.C. Barbour, Sandia
National Laboratories, Albuquerque, NM 87185

Metal silicides find useful applications in VLSI electronics
as a result of their low resisitivity and good stability at
high temperatures. Several silicides form epitaxial layers
on Si yielding nearly defect-free structures. We have
investigated the formation of a buried YSij 7 layer in Si.
The YSij 7 structure has a hexagonal lattice which can form
epitaxially on S1(111) with = 0.0% mismatch. The epitaxial
relationship between YSi} 7 and Si is given by: YSij 7(0001)
// S1(111) and ¥Siy 7[1010} // Si[112]. The buried silicide
was formed by implanting 330 keV Y* ions into S$i(1ll)
substrates held at 450°C followed by a vacuum anneal at
1000°C. Samples were studied over the fluence range of 0.5 -
4x1017 Y/ecm?. Concentration profiles were determined using
RBS, and the crystalline quality was analyzed with ion
channeling. A continuous buried layer (188 nm thick) was
formed for a fluence of 4x1017 Y/cm2. The Si overlayer in
this sample i{s 24 nm thick. RBS results from the samples
with a fluence of 2x1017 Y/cm? suggest that these samples
are composed of a uniform buried YSij 7 layer with YSiy
precipitates above and below this layer. Ion channeling in
the Si<111> direction showed that the uniform layers and the
precipitates are aligned with the substrate, as depicted by
a xpin Vvalue of 7% in the Y signal. The perpendicular and
parallel strains, ¢! and ¢", associated with the formation
of YSiy 7 were evaluated from x-ray rocking curves using a
double crystal diffractometer. The following x-ray
reflections were measured: YSij 7(0004) // Si(333), and
YSi1 7(1013) and $i(331). The residual strains in the buried
YSi) 7 layer are: ¢"=0% and c'=-1.0%.

This work was funded by the U.S. DOE under contract no.
DE-ACO4-76DP00789.
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A2.9

ELECTRICAL TRANSPORT IN §i/CoSiy/Si HETEROSTRUC-

TURES GROWN BY MESOTAXY. Alice E. White, M. L. Green, K. T.
Shont, D. Brasen, and K. Maex”, AT&T Bell Laboratories, 600 Mountain
Ave., Murray Hill, NJ 07974,

We have used mesotaxy, a technique which involves high dose
implantation followed by high temperature annealing', to create thin
(<500A) layers of oriented single-crystal CoSi, buried beneath the
surface of (100) silicon wafers. Several thousand angstroms of epitaxial
silicon are then deposited using an RTCVD process. This results in a
Si1/Co8Si,/Si heterostructure which is difficult to grow by UHV deposition
and reaction. Rutherford backscattering and channeling measurements in
conjunction with TEM observation indicate that the Si overlayer has
threading dislocations at a density of ~10%/cm?. In addition, some SiC
precipitates appear at the original Si surface. Nonetheless, Schotky
barrier height measurements show that the Jower CoSi;y/Si interface is of
acceptable quality and efforts are underway to improve the upper CoSi,/Si
interface in order to make vertical transport measurements.

! Alice E. White, K. T. Shont, R. C. Dynes, J. P. Gamno, and J. M. Gibson,
Appl. Phys. Lett. 50, 95 (1987).

" permanent address: IMEC, Leuven, Belgium

A2.10

ION BEAM ANNEALING OF Si CO-IMPLANTED WITH Ga
AND As.* S. P. Withrow, O. W. Holland, and S. J. Pennycook,
Solid State Division, Oak Ridge National Laboratory, Oak Ridge,
TN 37831; and ]J. Pankove, Solar Energy Research Institute,
Golden, CO 80401.

Beam-induced annealing resulting from high-energy, Si*-ion
irradiation of amorphous Si layers heavily doped with elec-
trically compensating impurities is discussed. Amorphous
layers were formed by co-implantation of overlapping distri-
butions of Ga and As in a fluence range which spanned well
beyond the limits of solubility for these dopants in 5i, especially
for Ga. At substrate temperatures up to 400°C, recrystallization
of the amorphous layer is shown to occur by solid-phase,
epitaxial growth onto the single crystal substrate. The quality of
the epitaxy and the extent of alloying and dopant redistribution
during recrystallization are compared. These results have been
characterized in co-implanted samples to ones which had been
implanted only with a single gallium or arsenic impurity.
Significant differences between the various types of implanted
samples are detailed. Lack of impurity precipitation and
segregation in the co-implanted samples, even at concentrations
exceeding 5 at. %, are attributed to compensation effects most
likely through clustering of the dissimilar dopants, both in the
amorphous phase and in the recrystallized regions. Rutherford
backscattering/ion channeling and transmission electron
microscopy were used to characterize the samples. Electrical
characterization was also done on selected samples.

*Research sponsored by the Division of Materials Sciences, U.S. Department of
Energy under contract DE-AC05-84OR21400 with Martin Marietta Energy Sys-
tems, Inc.
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A2.11

EVOLUTION OF DIFFUSION AND SPUTTER LIMITED IMPLANTED
IMPURITY DEPTH PROFILES DURING ION BEAM SYNTHESIS.
P L F Hemment, A K Robinson, U Bussmann, K J Reeson,
Department of Electronic and Electrical Engineering,
University of Surrey, Guildford, Surrey, GU2 SXH, UK;
R Chater and J A Kilner, Department of Materials, Imperial
College, London, UK,

The formation of compounds (eg Si0,, CoSi,) by the

implantation of high doses (210!'* cm”?) of reactive ions is
recognised as an important enabling technology for future
generations of high performance microelectronic devices
(eg CMOS/SIMOX). In order to develop predictive models
describing the formation of these materijals it is necessary
to quantify the effects of sputtering, volume changes due
to compound formation, radiation enhanced diffusion and
segregation.

In this paper a systematic study of the effects of
sputtering is reported. The evolution of profiles, where
either sputtering or diffusion are the dominant mechanisms,
have been studied by implanting reactive and chemically
inert ion species into low sputter rate (bulk silicon) and
high sputter rate (SiO, on Si) substrates. Depth profiles
of '$0%, '*0%, N*, C* and Ar' ions implanted into (100)
silicon to doses in the range 10'7 to 10'* em™? at
temperatures of up to 550°C have been determined by SIMS and
RBS. The sensitivity of the implanted depth profiles to the
values of physical parameters has been investigated using a
computer model and the assumptions which must be made to
achieve a good agreement with experimental profiles will be
discussed.

A2.12

FORMATION OF BURIED AND SURFACE CoSi; LAYERS BY
ION IMPLANTATION. M.F. Wy, A. Vantomme,
1KS, University of Leuven, um; K. Maex, J. Vanhellemont,
IMEC, Leuven, Belgium; J. Vanacken, H. Vloeberghs and Y.
Bruynseraede, VSM, University of Leuven, Belgium.

The formation is studied of buried CoSiz layers and surface CoSi
layers formed by high dose jon implantation in an energy range

¥ith Tapid thesina procesting. The crystaline qualiey, the phase o
with rapi processing. ne quality, 0
the buried and surface slilﬁcide layers, the abruptness of the
interfaces and the electrical tr. p es are studied by
RBS, channeling, cross—sectional TEM, Mossbauer py
and resistivity measurements. The stability of the buried and
surface CoSiz lavers at tcmperatures between 1000° C and 1200°C is
also studied and compared with the results for MBE grown samples.

Low en (30 keV) implantations with a dose of 5 x 101
atoms/cm? gave rise to continuous buried CoSiz layers as thin as 20
nm with crystalline quality. High dose implantations, on the
other hand, gave rise to surface CoSiz with crystalline quality

and electrical properties comparable to those of MBE grown
samples or buried CoSiy layers. It was found that buried CoSiy
layers bad better thermal stability than surface CoSiy layers with
similar thickness. The disintegration was found to start by void
formation at both CoSly/Si edges.

A3.1

ION-8EAM MIXING AND PHASE FORMATION.
L-U. Aaen Andersen, J. Bettiger, K. Dyrbye, and
J. Janting, Institute of Physics, University of
Aarhus DK-8000 Aarhus C, Denmark

The phase formation during ion-beam mixing of
binary transition-metal alloys have been stugied
by use of 500-keV Ar’ and Xe and 200-keV Ne' in
the temperature range 30-723 K. Especially the
composition ranges, where only amorphous phases
occur, i.e., the glass-forming ranges, have been
investigated. Based on semiempirical data on
free energies, metastable,K phase diagrams have
been constructed and glass-forming ranges esti-

19

mated for the case of negative heat of mixing.
Taking into account the quite large uncertain-
ties of the applied thermodynamic data, reason-
able agreement is observed between estimated and
experimental glass-~-forming ranges.

In the case of positive heat of mixing, the
initial thin-film structure is near thermodyna-
mic equilibrium. However, for small values of
the heat of mixing, it is still possible to form
amorphous structures. In the absence of chemical
driving forces, this formation cannot be ex-
plained in a similar way as in the case of nega-
tive heat of mixing.

As the nucleation of crystalline phages may
differ with and without irradiation, irradiation
of amorphous structures at elevated temperatures
may create new metastable phases. Preliminary
measurements of crystallization of metallic-
glass films during irradiation are reported.

A3.2

THERMODYNAMIC ASPECTS OF ION MIXING IN METALLIC
SYSTEMS. W.L. Johnson, 138-78 Keck Laboratory, California
Institute of Technology, Pasadena, CA 91125 USA

Recent studies have clearly demonstrated that phenomena such as
jon mixing in solids are in many cases dominated by events
occuring in the late stages of collisional cascades, the so-called
"quasithermal" or "thermal spike” stage.[1,2] In the case of all but
the very low Z metals, it has been shown that ion mixing events
take place predominantly in this regime. As a consequence, it has
been found that thermochemical parameters must be incorporated
into a description of compositional profiles and phase equilibria in
ion irradiated materials. Studies of ion mixing in metal bilayers
have led to the development of a phenomenological model of ion
mixing which incorporates these thermochemical effects. The
model has been tested in a wide variety of binary metal systems
and found to give an excellent account of mixing in all but very
low Z metals. The limits of validity of the model and its
extension to nonmetallic systems will be discussed.

1. W.L. Johnson, in "Materials Modification by High- Fluence lon
Beams®, eds. R. Kelly and M. Fernanda da Silva, NATO ASI
series, (Kluwer Academic Publishers, Dordrect, Boston, London,
1987), p. 405.

2. Y.T. Cheng, W.L. Johnson and M-A. Nicolet, Phys. Rev. Lett.
38, 2083 (1987).

A3.3

CRITICAL TEMPERATURES FOR RADIATION ENHANCED
DIFFUSION AND EQUILIBRIUM PHASE FORMATION DURING
ION BEAM MIXING. A% . R. de Reus, A.C. Voorrips,
H.C. Tissink and F.W. Saris, FOM-Institute for Atomic and Molecular
Physics, Kruislaan 407,1098 SJ Amsterdam, The Netherlands.

It is well known that in ion mixing two different temperature regimes are
observed. Up to a critical temperature, T, ion mixing is aimost
temperature independent and may be characterized by a thermal spike
model. For many systems ion mixing in this temperature regime leads to
metastable alloy phases. Above T, ion mixing becomes radiation
enhanced and may be characterized %y a thermally activated diffusion
process. Although atomic mobility is enhanced, however, equilibrium
phases do not necessarily form at these elevated temperatures.

In this paper we have compared T, with the formation enthalpy of a hole
of the size of the smaller constituent. A clear correlation was found,
which implies, that at T, the smaller atom becomes (thermally) mobile,
leading to higher mixing rates, but not necessarily to equilibrium phases.
For equilibrium phases to form, mobility of both constituents is required.
Therefore, T,, the temperature above which equilibrium phases will resuit
from ion mixing, should be correlated with the formation enthalpy of a
hole of the size of the /arger atom. Thus, for every system a temperature
window T - T, can be calculated from the hole formation enthalpies of
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the constituents, in which ion induced mixing is enhanced, but metastable
phases may still form.

Experimental support for the correlation between T, and the larger-hole
formation enthalpy was found by determining the crystallization
wemperatures, T,, of amorphous Ta-Pd, Ni-Zr, Fe-Zr and Au-Zr mixtures
under Xe or Ar bombardment.

A3.4

DIRECT OBSERVATION OF INTERMIXING IN GaAs/AlAs
MULTILAYERS AFTER VERY LOW-DOSE TON-
IMPLANTATION. M. Bode , A. OQurmazd and J. Renischler, AT&T

Bell Labs, Holmdel. NJ 07733, M. Hong. L.C. Feldman and J.P.
Mannaerts, AT&T Bell Labs, Murray Hill, NJ 07974.

We combine chemical lauice imaging and digital vector pattern
recognition to study, quantitauvely, kinetic intermixing in GaAs/AlAs
multilayers. We thus obtain, with atomic plane resolution and near-
alomic sensitivity, composition profiles across each interface of the
multilayer stack before and afier ion-implantadon. Our results show
significant intermixing even when only one 320 keV Ga* ion is
implanted at 77 K into each 2000 K% area of the interface. This

corresponds to an incident ion dose of 5x10'%/cm?.

The intermixing is not uniform along the interface. At each interface,
~e observe more intensely intermixed regions, whose widths correspond
1o those created by the damage track of a single implanted ion, as
expected from Monte-Carlo simulations. It thus appears that we can
directly image intermixing due to single energetic ions implanted into
the multilayered GaAs/AlAs structure.

A3.5

A STUDY OF THE DOMINANT MOVING SPECIES IN ION
BEAM MIXING I: EFFECTS OF SAMPLE GEOMETRY AND
ATOMIC MASS. G. W. Auger,”** Y.-T. Cheng,”** M. B. Alkisi,”*
and K. R. Padmanabhan**

* General Motors Research Laboratories, Warren, Michigan 48090,
** Department of Physics and Astronomy, Wayne State University,
Detroit, Michigan 48202.

The factors determining the dominant moving species in ion
mixing, such as the sample geometry, stomic mass, and thermody-
namic parameters, have not been clarified. In order to identify the
effect of sample geometry and atomic mass on the dominant moving
species during ion beam mixing, bilayer samples with zero heats of
mixing and similar cohesive energies were investigated using imbed-
ded markers and Rutherford backscattering spectrometry. Samples
with Hf on top of Zr and Zr on top of Hf irradiated with 150 keV Kr
ions showed a small preferential inward movement of the top layer
species with respect to the large amount of total mixing, regardless
of species mass. This indicates that the dominant moving species
in ion beam mixing is the result of a non-isotropic atomic transport
determined by sample geometry instesd of atomic mass.

A3.6

RELATIONSHIPS BETWEEN COHESIVE ENERGY, DEBYE
TEMPERATURE, AND THE ONSET OF TEMPERATURE-
DEPENDENT ION MIXING. Y.-T. Cheng, General Motors Re-
search Laboratories, Warren, Michigan 48090-9058.

The mechanisms of jon mixing heve been the subject of nu-
merous studies. It is now generally accepted that collision cascade
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and thermal spike eflects dominate “low” temperature ion mix-
ing, where ion mixing is basically temperature-independent. On
the other hand, radiation-enhanced diffusion dominates “high”
temperature jon mixing, where an Arrhenius-type temperature
dependence is usually seen. A narrow temperature range defines
a critical temperature T, which separates these two regions. Two
recently proposed relationships for the critical temperature T, for
the onset of radiation-enhanced diffusion in ion mixing are exam-
ined. The linear relationship between T, and the cobesive energy
E.ox is shown to be in agreement with experiment, while the re-
lationship between T, and the Debye temperature ©p is not. An
unusual behavior of decreasing ion mixing rate with increasing
temperature is also discussed.

A3.7

EFFECT OF CARBON ON ION BEAM MIXING OF FE-TI BI-
LAYERS, J-P. Hirvonen and M. Nastasi, Materials Science
and Technology Division, Los Alamos National Laboratory, Los
Alamos, NM 87545

Previous studies have shown that the mixing rate of evapo-
rated carbon with iron and titanium is minimal in the tem-
perature independent regime. In addition, in the nickel-sili-
con system, a thin evaporated carbon layer completely pre-
vented mixing. Both of these results are at least in qualitative
agreement with the thermodynamical model of ion beam mix-
ing. However, the microscopic mechanism of this retarding of
mixing is not understood.

In this work a bilayer Fe-Ti structure was implanted with a
trace amount of }3C. The implantation energies were selected
in such a way that the mean range of carbon ions was located
either in the iron or in the titanium layer. The effect of this im-
planted carbon on mixing with 300 keV Ar+ ions was studied
in the temperature range from 0 to 300 C using Rutherford
backscattering spectroscopy at an energy of 5 MeV. The mea-
surements revealed that mixing was not affected by carbon
implanted into the titanium layer. However, carbon in the iron
layer remarkably retarded mixing at all temperatures investi-
gated. Changes in carbon concentration profiles were probed
utilizing the resonance of the nuclear reaction 13C(p,y)14N at a
proton energy of 1.748 Mev. The results will be discussed in
terms of the mobility of carbon as well as the defect-carbon in-
teraction in the metals involved.

Al.8

IHE EFFECT OF SURFACE COATING ON ION BEAM
DESORPTION OF HYDROGEN FROM TITANIUM. Richard E
Wistrom, Peter Borgesen, and Herbert H. Johnson,
Materials Science and Engineering, Cornell University,
Ithaca, NY 14853.

Previous investigations reported that the mixing rate of
Fe/Ti was reduced by a factor of 7 if the sample was
charged with hydrogen. The mixing rate ot similar
sampies of Ni/Ti was only reduced by a factor of 2.
Hydrogen was lost from the samples during mixing. The
hydrogen loss rate was significantly greater from Ni/Ti
than from Fe/Ti.

Experiments were performed to determine whether the
difference in mixing rates causes the difference in
hydrogen loss rates or vice versa. Ti samples were
coated with either Fe or Ni, hydrogen charged, and
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irradiated with ions typically used for mixing. Hydrogen
loss was measured as a function of irradiation fluence.
Results provide an important clue as to how hydrogen
reduces mixing rates.

A3.9

ION-BEAM MIXING AND TRIBOLOGY OF Fe/B MULTI-
LAYERS.* RenYuan Hu, L. E. Rehn, G. R. Fenske and
P. M. Baldo, Argonne National Laboratory, Argonne, IL 60439

Interdiffusion of Fe and B was studied during 1.5 MeV Kr ion
pomba_erent. The square of the interdiffusion distance dur-
ing mixing at 573 K was found to depend linearly on the
irradiation dose. Arrhenius behavior with an apparent activa-
tion enthalpy of 0.7 eV was observed between 475 and 770 K.
Electron microscopy of ion-beam mixed multilayer specimens
revealed many crystalline iron-boride compounds, e.g. FesB
and Fe3B, and an amorphous phase. Substantially improved
adhesion and reduced friction were observed for ion-beam
mixed Fe/B multilayers on M50 steel substrates.

*Work supported by the U.S. Department of Energy, Basic
Energy Sciences-Materials Sciences and ECUT/Tribology
Program under Contract #W-81-109-ENG-38.

A3.10

ION BEAM MIXING OF Sb SCHOTTKY CONTACTS ON n-Si.
J.B. Malherbe, L.J. Bredell, K.P, Weimer,

G. Myburg and E. Friedland, Department of Physics,
University of Pretoria, Pretoria, 0002, South
Africa.

Thin (100 nm) antimony Schottky contacts on n-Si
have been bombarded with 100 and 120 keV Si* ions,
with doses ranging from 5 x10'to 1 x10'*si* cm~2,
The extent of ion beam mixing has been determined
by AES depth profiling and RKLS. a-particle chan-
neling has been employed to study the radiation
damage caused by the bombarding ions in the
silicon substrate. The ion bombardment had a
pronounced effect on the electrical characteris-
tics of the Schottky contacts. Changes in the
ideality factor, Schottky barrier height and
series resistance of the contacts are correlated
to the AES, RBS and channeling results.

A4.1

ION-SOLID INTERACTIONS AS VIEWED BY MOLECULAR
DYNAMICS. Barbura J. Garrison, Department of Chemustry, The
Pennsylvania State University, University Park, PA 16802.

A microscopic picture of the ion-solid interactions as determined by
molecular dynamics simulations will be presented. We plan to discuss
examples from simulations on silicon'2 and on rhodium?. In the case of
Si we have investigated the process as a function of the primary particle
energy. For 5-10 eV Si atom bombardment we find that the dimers on
the Si{100}(2x1) face can be directly opened with the bombarding
particle inserting into the dimer in the epitaxial position. As the energy
increases to 15-20 eV, implantation begins 10 occur. For keV Ar
bombardment we have found that the openness of the crystal controls
many aspects of the ejection process including the depth of origin and
the energy distributions of the ejected species. For both ejected Si and
Rh atoms, the original crystal structure plays a dominant role in
influencing  their  angular  distributions. A combined
theoretical-experimental approach has allowed us to determine the site
and coverage of oxygen on Rh{111).

1. B.J. Garrison, M. T. Miller and D. W. Brenner, Chem. Phys. Lett.
146 553 (1988)
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2. R. Smith, D. E. Harrison, Jr. and B. J. Garrison, Phys. Rev. B 40,
(3uly 1989).

3. C. T. Reimann, M. El-Maazawi, K. Walzl, B. J. Garrison, N.
Winograd and D. M. Deaven, J. Chem, Phys. 90 2027 (1989).

A4.2

COMPUTER SIMULATION OF IMPURITY SEGREGATION AT A
RAPIDLY MOVING SOLID-LIQUID INTERFACE. Stephen J. Cook
and Paulette Clancy, Chemical Engineering Department, Cornell
University, Ithaca, NY 14853,

A recently developed Non-Equilibrium Molecular Dynamics simulation
method! has been used to study the thermodynamic and kinetic
properties for alloyed materials undergoing rapid melting and
subsequent resolidification, as occurs for example in laser annealing.
Results will be presented for Lennard-Jones and Stillinger-Weber
models of “alloys”, Ay B, . as paradigms of metal alloys and
semiconductor alloys respectively. The two models exhibit strikingly
different interface morphologies and hence form an interesting
comparison. The effect of size differences between the solute B and
substrate A atoms are studied for both the Lennard-Jones and Stillinger-
Weber materials, as size is believed to play an important role in the
enhanced partitioning of solute atoms at a rapidly moving interface, ic
"solute trapping”. Properties studied include calculations of the non-
equilibrium segregation coefficient, k', and the interface position,
velocity and temperature as a function of time. A computer graphics
analysis highlights the natre of the interface morphology, the presence
of defects and the occurrence of surface disorder.

1. D.K. Chokappa, S.J. Cook and P. Clancy, Phys. Rev. B., 42,
May 15 issue (1989).

A4.3

MOLECULAR DYNAMICS SIMULATIONS OF LOW-ENERGY
ION/SURFACE INTERACTIONS DURING VAPOR PHASE
CRYSTAL GROWTH: 10 eV Si INCIDENT ON Si(001)2x1.
M. Kitabatake, P. Fons and J. E. Greene, CSL, University of Illinois,
1101 W. Springfield, Urbana, IL 61801.

Low-energy ion-irradiation is commonly used for modifying film
microstructure and microchemistry during film growth by a variety of
techniques including sputter deposition, plasma-assisted CVD, and
MBE. We have used molecular dynamics simulations to investigate
atomic-level phenomena associated with low-energy ion/surface
interactions. In this paper, we present results for 10 eV Si ions
incident on reconstructed Si(001)2x1 surfaces. Calculation of the
positions and velocities of all atoms in the computational cell (up to
1000 atoms) were carried out using the many-body Tersoff potential
for time steps of 1 femtosecond out to 0.8 picoseconds at which time
all violent effects (collision cascade) subsided. Using the Tersoff
potential, the (2x1) surface reconstruction was found to be stable
with an energy gain of -0.61 eV per surface atom compared to the
unreconstructed (1x1) surface. The sound velocity calculated by
kinetic energy transfer in the z-direction was 80 A/ps in good
agreement with experimental data. 10 eV Si irradiation was
sufficient to open surface dimers and result in an average maximum
penetration depth, for normally incident ions, of 0.88 A (72% of the
distance from the surface to the 2nd layer). The number of defects
produced per incident ion at 0 K was =0.8. The nature of these
defects (primarily split interstitials, hexagonal interstitials, and
broken dimers) and their annealing characteristics as a function of
temperature were investigated. No vacancies were observed,
consistent with a Si atom displacement energy of 13-17 eV. Finally,
jon-irradiation-induced epitaxial growth was observed when the
incident ion interacted strongly with surface dimers.
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Ad.4

MOLECULAR DYNAMICS STUDY OF THE AMORPHIZATION OF CuTi.
Michael J. Sabochick, Dept. of Engineering Physics, Air Force Institute of
Technology, Wright Patterson AFB, OH 45433; Nghi Q. Lam, Materials Sci-
ence Division, Argonne National Laboratory, Argonne, IL 60439.

It is well known that many alloys can be amorphized with electron and/or ion
irradiation. Experiments on a variety of alloys have resulted in some generali-
zations about the phenomenon. For example, amorphization takes place at
temperatures that are too low for long-range diffusion to occur; the onset of
amorphization coincides with a vclume expansion «f a few pereent; and alloys
which do become amorphous obey certain laws regarding composition, struc-
ture, and the relationship between the components in the periodic table.
Nevertheless, the fundamental cause of amorphization, whether it is due to
chemical disordering or the introduction of lattice lattice defects, is still not
understood.

The purpose of the present work was to investigate this question by simulat-
ing the amorphization of a gamma-phase CuTi compound on the computer.
An interatomic potential for this phase was developed using the embedded-
atom method, and the heat of solution, density, and structure of the phase
were reproduced within less than one percent. Two different approaches to
amorphization were tried: one in which Cu and Ti atoms were randomly
exchanged, and another in which Frenkel pairs were introduced at random.
As atoms were exchanged with the first approach, many of the sharp peaks in
the radial distribution fuction (RDF) were reduced, and some disappeared.
Nevertheless, the RDF retained many peaks, suggesting that the alloy was
chemicaily disordered but not amorphized. With sufficient numbers of lattice
defects introduced with the second approach, the system experienced a volume
expansion of about 2.3%, and an increase in potential energy of about 0.07 ¢V
per atom. At about 0.2 dpa, the RDF lost almost all structure beyond the
first nearest neighbor, indicating that the alloy had become amorphous, in
sgreement with experiment. Based on these results, the relative significance of
chemical disordering versus the introduction of lattice defects in causing
amorphization in alloys will be discussed.

A4.5

MOLECULAR DYNAMICS SIMULATIONS OF THE
DISORDER FORMED IN SILICON BY HIGH-ENERGY
ELECTRONS. A.M.Mazzone C.N.R.-Istituto LAMEL, Via
de’ Castagnoli 1 - 40126 Bologna, Italy.

Electron-phonon coupling is a point of major interest in
many relaxation processes such, for instance, are the ones
followmgu high-energy implants or the passage of fission
fragments.

In this work we present a molecular-dynamics simulation of
the disorder ti:merat.ed in a silicon lattice by the passage of
electrons with an energy well above the {‘emn sea. The
electrons are injected into the lattice at a given time and
the lattice evolution is followed for times corresponding to
typical phonon frequencies. The energy losses of the
incoming electrons are accounted for by using a dielectric
formulation. The interaction between these electrons and
lattice atoms and the coupling between the lattice atoms
are described by suitable interatomic potentials.

The work analyzes the influence on the lattice disordering
of the various physical parameters of the process.

A4.6

SUPERHEATING AND SUPERCOOLING OF LEAD INCLU-
SIONS IN ALUMINIUM. E. Johnson', L. Grabak?, J. Bohr?, A.
Johansen', L. Sarholt-Kristensen' and H.H. Andersen'. 'Physics
Laboratory, University of Copenhagen, Denmark, 2RIS® National
Laboratory, 4000 Roskilde, Denmark.

lon implantation at room temperature of lead into aluminium leads
to spontaneous phase separation and formation of lead precipitates
growing epitaxially with the matrix. Unlike the highly pressurised
solid noble gas inclusions, the pressure in the lead precipitates is
indistinguishable from ambient.

Small implantation~induced lead precipitates embedded in an alu-
minium matrix were studied by X-ray diffraction. The (111) Bragg

peak originating from the lead crystals was followed during 4 tem-
perature cycles, from room temperature to 678 K. The melting
temperature for bulk lead is 601 K. In the first heating cycle we
found a superheating of the lead precipitates of 47 K before melt-
ing occurred. During subsequent cooling a supercooling of 24 K
below the solidification point of bulk lead was observed. In the
subsequent heating cycles this hysteresis at the melting transition
was reproducable. The full width of the hysteresis loop slowly de-
creased to 51 K while the mean size of the inclusions gradually
increased from 14.3 nm to 23.0 nm. The phenomena of super-
heating and supercooling are thus most pronounced for the small
crystallites. The persistence of the hysteresis loop over successive
heating cycles demonstrate that its physical existence is genuine,
and it is believed that it originates from the lack of free surfaces of
the lead inclusions.

A4 .7

THERMAL ANNEALING OF SOLID Kr PRECIPITATES IN
Ni. R. C. Birtcher, J. Rest and D. S. Bergstrom, Argonne
National Laboratory, Argonne, IL 60439

After implantation into Ni at room temperature, Kr condenses
within small cavities as an fcc solid aligned with the Ni lattice.
Evolution of these precipitates during subsequent thermal
annealing to temperatures above 500°C has been followed with
transmission electron microscopy. The results will be con-
trasted with precipitates produced by implantation at 500°C.

When Kr is implanted into Ni at 500°C, the precipitate size
distribution is bimodal. The small precipitates are solid Kr
and the large ones are faceted and nonsolid. Modelling with
rate theory suggest that during the implantation solid Kr
precipitates are immobile while nonsolid precipitates migrate
by surface diffusion.

Room temperature implantation results in small solid Kr
precipitates. Annealing to temperatures below 400°C after
room temperature implantation produces a small upward
shift in the monomodal size distribution and a decrease in the
average, solid Kr density within the precipitates. Annealing
above 500°C leads to precipitate coalescence that eliminates all
small precipitates and results in large faceted cavities. The
behavior of Kr atoms and precipitates during precipitation and
annealing will be discussed on the busis of results from rate
theory modelling.

*Work supported by U.S. DOE, Basic Energy Sciences-
Materials Sciences under Contract #W-31-109-ENG-38.

AS5.1

FABRICATION OF CRYSTALLINE-AMORPHOUS
SUPERLATTICES BY DIFFERENTIAL ION-BEAM DAMAGE.
1. M. Poste D. J. Eaglesham, D. C. Jacobson, M. Cerullo, L. N. Pfeiffer,
and K. W. West, AT&T Bell Laboratories, Murray Hill, NJ.

A study is presented of the build-up of ion-beam damage in multilayers
and superlattices of elemental and compound semiconductors. MBE-
grown superiattices of GeSi-Si and GaAs-AlAs are implanted with MeV
ions and the build-up of damage is studied using a combination of RBS
and channeling and TEM. The appearance of defects and amorphous
regions in these layers is studied as a function of dose, implantation
temperature, implanted species and layer compositions. It is shown that,
where there is a significant difference in the damage rates for two
materials, damage can be located almost entirely within the faster-
damaging layer (i.c. damage occurs in GaAs and GeSi, respectively). In
the case of GeSi-Si superiattices, damage is distributed evenly across a
single layer, with no visible proximity effects at the interfaces. In
GaAs-AlAs on the other hand, damage is initiated at the
center of the GaAs layers, and regions near the heterointerfaces require

doses up to0 an order of magnitde higher w produce equivalent damage.
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The distinction between these two systems is discussed in terms of the
processes and migrating species involved in the build-up of damage.
Finally, we show that for both GeSi-Si and GaAs-AlAs it is possible to
create an amorphous-crystalline superiattice before the onset of
significant damage in the slower-damaging layer.

A5.2

INTERNAL BLACKBODY EMISSION INTERFEROMETRY FOR
MEASUREMENT OF CRYSTALLIZATION KINETICS AND
OPTICAL PROPERTIES OF THIN FILMS. LA, Roth and G.L.
Olson, Hughes Research Laboratories, Malibu, CA.

The spectral emissivity of a semi-transparent thin film on a heated
substrate varies with film thickness due to optical interference within the
layer. This leads to oscillations in the emitted blackbody radiation
intensity when the film thickness changes with time. Analysis of the
time dependent change in emission intensity can be used to accurately
determine the solid phase crystallization rate of an amorphous thin film
or to obtain the growth rate of a film during vacuvm deposition. In
addition, since the blackbody emission spans a wide spectral range, the
wavelength dependence of the emission can be used to obtain the
absorption coefficient and index of refraction of an amorphous layer as a
function of wavelength and temperature. In this paper we show how
internal blackbody interferometry has been used to measure the
crystallization kinetics and infrared optical properties of ion-implanted
amorphous silicon and amorphous germanium thin films on crystalline
substrates. A comparison of the blackbody emission interferomerry data
with time-resolved reflectivity measurements at 0.6328 um and 1.15 pm
shows that the blackbody emission results can be understood in terms of
a straightforward optical model.

A5.3

TRANSITION RADIATION FOR SURFACE ANALYSIS.
John M. Macaulay and Julius J. Muray, SRI International,
333 Ravenswood Ave., Menlo Park, CA 94025

The electron beam - material interaction gives rise to secondary electrons,
backscattered electrons, cathodoluminescence, etc., all of which are used
for analytical purposes. The interaction also produces transition radiation —
dipole radiation produced by the movement of an energetic charged particle
across an interface between two dielectrics (see, for example, M. L. Ter-
Mikaelian 19721 for a full discussion). This paper reports on our
investigation of the use of transition radiation, at optical wavelengths, for
surface analysis.

We have used electron beams with energies up to 100 keV to produce
wansition radiation from metals, doped and undoped semiconductors, and
insulators. The radiation is passed through a polarizer and a spectrometer —
allowing a suitable spectral range to be determined for collecting transition
radiation, in which luminescence, eic. is not observed. The low light levels,
typical of transition radiation produced under these conditions, require the
use of a single photon counting photomultiplier tube. The spectra are stored
on a computer disk.

Theoretical transition radiation spectra are calculated, using published
dielectric data, and are compared with the experimental spectra.

Experimental data from nanometer - thick surface layers and ion beam
modified surfaces are presented and discussed. The depth and lateral
resolutions of the technique are considered.

t M. L. Ter-Mikaelian 'High-Energy Electromagnetic Processes in
Condensed Media' 1972 (Wiley - Interscience : New York)

AS.4

STM INVESTIGATIONS OF GRAPHITE SURFACES
PREPARED BY 6 keV Ar* JON BOMBARDMENT. Elliots
A.Eklund , UCLA Dept. of Physics and Solid State Science
Center, Los Angeles, CA; Eric J. Snyder and R. Stanley
Williams, UCLA Dept. of Chemistry, Los Angeles, CA.

The processes of ion beam sputter deposition and sputter
etching are used quite extensively in thin film and
surface analysis. Despite increasing interest in this ares,

the basic physics of these processes is still rather poorly
understood.

In this study, the STM has been used to investigate surfaces
of graphite prepared by 5 keV Artion bombardment.
Several different surfaces have been prepared with
sputtering rates from 2.4 x 1013 jons/cm2-gec. to 8.9 x 1014
ions/cm2-sec. while keeping the total dose of ions constant.
STM images were taken in the constant height mode both
before and after the sputter etching. The images of the ion
bombarded graphite samples show a definite dependence of
surface roughness on the rate of ion beam etching.

In addition, seve imngxs of different scale, ranging from

z 25A to 500A x 500A, were taken for each sputtering
rate used. This series of images shows that the surfaces
produced have a self-similar or fractal nature. It is believed
that results obtained with sputter etching, while important
in themselves, also provide direct insight into the
topography of surfaces that can be produced by ion beam
sputter deposition. It is now clear that the sputtering rate
plays a crucial role for both processes.

A6.1

GRAIN GROWTH AND PHASE FORMATION IN ION
IRRADIATED/ANNEALED THIN NI-AL ALLOY FILMS. Dale
E. Alexandexr and Gary S. Was, University of
Michigan, Ann Arbor, MI, 48109; and Lynn Rehn,
Argonne National Laboratory, Argonne, IL, 60439.

Ion irradiation and anneal studies have been
performed on Ni, Ni-20 at.%Al multilayers and Ni-
20 at.%Al co-evaporated thin films. Ni*- Kr* and
Xe* ions were used to irradiate the films and
homogenize the multilayers at room temperature.
Irradiation of the alloy films resulted in the
formation of a metastable, supersaturated solid
solution of gamma phase and an HCP phase. Ion
induced grain growth was observed and followed a
power law dependence with dose. The presence of
Al enhanced grain growth in alloy films. A factor
of 2 greater grain growth was observed in Ni-al
multilayers compared with co-evaporated films
irradiated to the same dose with the same ion
species. Post irradiation annealing of the ion
beam mixed samples at 450°C for 1 hour resulted in
the formation of a dual phase gamma-gamma prime
structure in which distinct, approximately egqual
size grains of both phases were identified. In
order to understand the mechanism of the dual
phase formation from a supposed compositionally
homogenous €ilm, a careful STEM characterization
of the microstructure was undertaken following
irradiation, both during and after annealing.
CBED and ultra-fine probe EDS analyses were used
to analyze the structure and composition of
individual grains within the microstructure.

* This work supported under NSF grant DMR-8603174

and under DOE contract W-31-109-ENG-38.

A6.2

CESSATION AT HIGH TEMPERATURE OF RADIATION INDUCED
DIFFUSION: THE ROLE OF DEFECT COMPLEX FORMATION.

T.D. Andreadis and Mervine Rosen, Naval Research laboratory,
Washington DC, 20375-5000.

Recent work involving the ion bombardment of multi-
layer NiAg indicates that radiation induced diffusion of ag
Ceases when the temperature is increased from room
tarperature to 100° C . It has been speculated that this
behavior is brought about by the dissociation at the higher
tamperature of a defect complex containing Ag which is
responsible for the migration of Ag. Binding, formation,
and nmigration enargies of defects and camplexes are
calculated using Embedded Atom Potentials in Molecular
Statics calculations. We investigats the diffusion of such
defect camplexss as a function of temperature.
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A6.3

VOID DENSITY REDUCTION DURING ION ASSISTED DEPOSITION.
T.D. Andreadis, R.H. Bassel, Mervine Rosen, and J.A.
Sprague, Naval Research laboratory, Washington, DC, 20375~
5000.

Camputer simulations were used to examine the reduction
of voids by thermal diffusion and athermal collision cascade
mechanisms taking place during the Ion Beam Assisted
Deposition (IBAD) of Ge films. Reduction of void demsity is
of interest since it is accampanied by strengthened
attachment of the deposited film to the substrate below.
void reduction may be accomplished by the trapping of
collision cascade atoms in the void.

simulations were made using the collision cascade code
MARLOWE with realistic void size distributions to examine
the reduction of void sizes solely due to the collision
cascade and athermal vacancy-interstitial annihilations.

The diffusion of residual interstitials and vacancies have
been investigated.

A6.4

N N
RELEVAN ) -
THIN FILMS. O. Auciello.]-2M.S. Ameen,] A. R. Krauss, and A. I Kingon.!
(1)North Carolina State University, Depariment of Materials Science, Raleigh, NC
27965-7907. (2) Microelecuronics Center North Carolina, RTP, NC 27709-2889. (3)
Argonnc National Laboratory, Chemustry Division, Argonne,ll 60439.

Several groups are now using high current (20-100 ma)/ low energy (1000-2000
¢V) ion beams to deposit high T, superconducting films by ion beam-induced
sputtening of either bulk superconductor (i. e.. YBay Cu307,5 ) or elememal (Y, Ba,
Cu, etc.) targets. This technique is also being used for deposition of ferroclectric and
optoclectronic (KNbO3 for examp -thin films. We are using a novel computer-
controlled ion beam/rotatable ta.ge holder sputter-deposition technique, which
\nvolves sequential irradiation of elemental materials or their oxides. However, litle
information 1s available on basic ion scattering and sputtering processes occurring
during deposition and their influence on film characteristics at these beam energies and
ton fluxes. As Lart of our extensive research program on thin films related to
materials mentioned above, we have performed computer modelling and made
experimental measurements on sputtering and ion scatiering using Ar*, Kr*, and Xet
ion beams on Y, Ba, Cu, KO3, NbyOstargets. The beam energy was varied from 1000-
2000 eV and the angle of incidence was either 459 or 00 with respect to the target
normal.

The data shows that, for 450 ion incidence on the target, significant gas
incorporauon and resputtering of the deposited film due to ion scattering occurs at the
specular position, and substantially decreases towards the surface normal. The result
is dependent on the mass of the incident ion and target atom, with Ar on Ba showing
the most pronounced effects. The ion scattering effects were seen to diminish at
normal incidence for all ion/target combinations. The sputiering yield is larger for
polar angles in the range of specular refiection up to and including the surface normal
for 45° bombardment.

The results above, coupled with measurements of the spatial distributions of
sputtered species, have been used to determine the opumum deposition geometry and
beam characteristics for ion beam sputter-deposition of high T, superconducting and
optoeiectronic films.

A6.5

INTERACTIONS OF LOW-ENERGY METAL IONS WITH SURFACES.
P Bai, Ch. Steinbruchel, and T.-M. Lu, Center for Integrated
Electronics, Renssclacr Polytechnic Institute, Troy, NY 12180.

Recently, a growing number of 1echnigues hgyc emp!oycd
self-ions, i.c., the ions dcrived from the dcposition mulcn.als
themself, to concurrently bombard the surface during thin f;lm
growth in order to modify the film properties such as adhes:op,
impurity content, oricntation, and cpitaxy. The ion/atom ralio
used in these techniques ranges from less than one percent to
one hundred percent with the ijon energy varying between 38
few eV and several keV. In this paper, we calculate the energy
dependence of the self sputtering yield for metals based on 8
modified Sigmund linear cascade model. The resulis are
compared 1o the existing experimental data and the results
obiained from a Monte Carlo computer calculation (TRIM) on
the self sputiering of cerbon and copper. .When. the se_\f
sputtering yield is bigger than one, for a given ion energy
there exisis a critical ion/stom ratio above which there is no
net deposition. The critical ion/atom ratio is plotted as @
function of the ion energy for different materials. The
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sputtering yicld for surface impurities such as oxygen, carbon,
and hydrogen by the incident metal ions is also studied. For a
fixed density of impurities (oxygen and hydrocarbon) sitting on
the surface, the minimum ion/atom ratio required 10 remove
them is plotted as a funciion of the ion energy. Impurity
removal at the growing surface during deposition is crucial in
controlling the orientation and epitaxy of the films.

A6.6

ELECTRON BEAM INDUCED HOLE-DRILLING AND LITHOGRAPHY
ON A NANOMETRE SCALE IN Al,MgO AND a-AlFa IN A STEM.

m. g, Colin J. Humphreys and Robert W. Devenish, Department
of Matenials Science and Engineering, University of Liverpool, Liverpool
L69 3BX, England. Y poe

A wide variety of materials including metals, alloys, semiconductors and
ionic inorganic thin films which are inert under the electron beam in a
conventional transmission electron microscope have been found to become
damaged and/or "drill" under the high current density focused electron
probe in a dedicated scanning transmission electron microscope operating at
100 kV. Typically, holes 1-5 nm in diameter can be formed in crystals
many tens of nanometres in thickness. Controlled movement of the electron
beam can produce features analogous to conventional lithographic structures
but on a nanometre scale. Results of hole drilling experiments on Al, MgO
and a-AlF; will be presented and possible mechanisms discussed.

In Al, holes ~5 nm in diameter inidally form at the electron entrance surface,
growing towards the electron exit surface with a row of dislocation loops
distributed along the electron beam path. In contrast, facetted square cross-
section holes in MgO grow in from the electron exit surface. Surfaces of
MgO crystals can be atomically reconstructed and smoothed by scanning of
the electron beam.

Holes form in a few milliseconds under the electron beam in many ionic
inorganic evaporated thin films such as a-AlF;. By careful analysis of X-
ray spectra acquired during hole drilling, coupled with computer control of
the electron beam, it has been possible to obtain an insight into the
mechanisms responsible for hole formation in such materials.

A6.7

THERMAL ANNEALING INVESTIGATION OF THE
OPTICAL PROPERTIES OF BNy FILMS FABRICATED
BY ION BEAM ASSISTED DEPOSITION. C. A, Carosella,
E. P. Donovan and G. K. Hubler; Naval Research Laboratory,
Washington , DC 20375-5000

The annealing behavior of the optical properties of boron
nitride films (B1.xNx) is described for films fabricated by ion
beam assisted deposition. The data are needed for the precise
fabrication of coatings for optical components, such as
antireflecting coatings.

Amorphous samples of boron nitride are deposited on silicon
substrates. Spectra are taken from 400 to 25000 nm. and fits
to the interference patterns are used to find index of refraction
vs wavelength as a function of film nitrogen content. Changes
in shapes of absorption bands at 7300 and 13300 nm,
corresponding to BN vibrations, are monitored to indicate the
onset of crystallization. Nitrogen atom fraction was varied
from 0.2 to 0.5 by variation of the incident relative fluxes of
nitrogen ion beam current to evaporant boron flux. The films
were annealed in argon at 500 C, 700 C, 900 C and 1100 C
and the measurements repeated. The systematic shifts in index
of refraction with annealing temperature are described.
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A6.8

MECHANISM OF ION-INDUCED SOLID-PHASE EPITAXIAL
GROWTH. T.K. Chaki, Department of Mechanical
and Acrospace Engineering. State University of
New York. Buffalo, N.Y. 14260

A model is
solid phase

proposed to explain ion-induced

epitaxial growth (SPEG). The
crystallization is by the adjustment of atomic
positions in the vicinity of the
crystalline/amorphous interface due to self
diffusion in amorphous solid. The driving
energy of SPEG is the difference in free
energies between the amorphous and crystalline
solids., Irradiation increases the self
diffusivity of the amorphous solid by
generating point defects in the amorphous solid
and thus enhances the crystallization. An
expression for the velocity of epitaxial growth
is derived. The model explains numerous
experimental facts and at the 1limit of no
irradiation, also gives a correct model of
thermal solid phase epitaxial growth.

A6.9
STUDY OF THE ANODIC OXIDATION ON TI AND TA6V

BY ION-IMPLANTED XE IONS MARKERS AND O
TRACING TECHNIQUES. Author Heming Chen,
Mingjiang Dai, Xinde Bai, Wengpei Li,
Department of Material Science and
Engineering, Tsinghua University, Beijing,
China.

One lon-Implanted Xe ions marker and two Ion-
Implanted Xe 1ions markers as well as O
tracing techniques are used to study the
mechanism of anodic oxidation on Ti and TA6V.

1t is shown that in 5%wt ammonium citrate,
the mechanism of anodic oxidation on Ti is
very different from that on TA6V. For Ti, new

oxide is mainly formed by the migration of Ti
cations to the solution / oxide interface and
the regions in which new oxide formed are at
the solution / oxide interface and in old
oxide near the interface. While for TA6V, new
oxde 1is mainly formed by the migration of
oxygen anions to the oxide / metal interface
and the regions are at this interface and in
old oxide near the interface. The transport
numbers for Ti in solution of 1%wt KOH are
calculated to reveal that temperature hags an
influence on it. At 3°C, its average is 0.32,
while at 30°C, its average 1is 0.28. The
current efficiency is above 99.8%. The result
of AES spectrum shows that V and Al in oxide
on TABV present uniform digtribution.

A6.10

CRYSTALLINE POLYMER THIN
IONIZED CLUSTER BEAM. S. J.
Physics, Kyungseoung University,
Korea; H. S. Choe, Department
Kyungsang Unaversity, Jinju 660-300,
K. Jang, S. S. Kim, C. N. Whang, Department
of Physics, Yonsel University, Seoul 120-749,
Korea; and D. §. Choi, Department of Physics,
Kangwon University, Chuncheon 200-701, Korea.

DEPOSITION BY
Department of
608-020,
of Physics,
Korea; H.
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thin film are
beam deposition

Polyethylene (PE)
deposited by ionized
{re:3n) technique. Polymerization and
vrystallization of PE and polyimide were
investigated using TEM, FTIR and XRD, and the
electronic structure of these polymer films were
investigated using XPS. Films deposited at

and polyimide
cluster

optimum ion acceleration voltage showed strong
preferential crystal orientation. In the case of
PE, orthorhomic structure was obtained at ion
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acceleration voltage of 200V and the lattice
parameter of PE film deposited by ICBD was close
to that of the single crystal PE. Oxydianiline
and pyromellitic dianhydride were co-deposited to
fabricate polyimide film. Crystalline polyimide
film was obtained at ion acceleration voltage of
700V,

A6.11

STRUCTURAL AND ELECTRICAL STUDIES OF EPITAXIAL PbTe FIIMS
GROWN BY ION-ASSISTED RF MAGNETRON SPUTTERING. J.G. Cook
and S.R. Das, Laboratory for Microstructural Sciences,
Rational Research Councll of Canada, Ottawa, Canada
KlA OR6, and M. Phipps, Department of Physics, University
of Ottawa, Ottawa, Canada K1N 6N5.

The growth of PbTe on (1l11) BaF, by means of rf magnetron
gputtering has been studied. Low growth temperatures and
high growth rates favour (100) growth, while high
temperatures and low growth rates result in (l11) growth.
The application of & small negative substrate bias strongly
encourages (111) growth, particularly at the lowest
temperatures. With a -10V gubstrate bias, epitaxial (1l1l1)
growth occurs at temperatures as low as 180°C. If no bias
voltage is applied at such low temperatures, the growth is
strongly (100) except at very low growth rates, for which
it is of mixed orientation.

Hall effect studies are made on films grown at temperatures
between 180°C and 400°C onto (111) BaF, which has been
chemipoligshed to remove the cleavage ledges which are known
to favour (100) growth. Below 180°C and without
intentional doping the films are p-type, while above 300°C
the films are n-type. The effect of a blag woltage on the
surface morphology 1s examined. We also study the effect
of a bias voltage applied only during the initial stages of
film growth.

A6.12

OXIDATION BEHAVIOUR OF TITANIUM SURFACES
COATED WITH BORON COMPOUNDS. M. Elena, L.A.
Guzman, L. Moro. and A. Tomasi, Institute for Scientific and
Technological Research - {RST, 38050 POVO (TN), haly: and
S. Gialanella, P. Scardi, Department of Materials Science
Engineering, University of Trento, 38050 Mesiano (TN), ltaly

Titanium is one of the most interesting materials for a
wide range of high technology applications (e.g. in the aerospace
sector, where its low density is an important characteristic).
However, one of the main problems is its extremely high
oxidation rate, which can limit its use especially in high
temperature environments.

In the literature relatively few papers deal with this
subject, and this can be understood in view of the recent
widespread use of titanium in industrial applications, and to the
difficulty of the task. In this paper we describe our attempts to
protect titanium against oxidation using various surface
treatments. In particular we have coated the metal with various
compounds ranging from a Ti-B multilayer to BN, passing
through TiB,. Some films, obtained by RF sputtering, have also
been ion bombarded in order to achieve a better uniformity and
an increased adhesion to the substrate. In addition we have also

used the Ion Beam Assisted Deposition technique (IBAD) to
produce BN,

Our work shows the difficulty of obtaining an effective
and complete solution to the problem of protecting titanium
from oxidation, although some treatments have given promising
results towards this goal.




A6.13

ION~BOMBARDMENT EFFECTS ON FILM ADHESION.*
Erck, G. R. Fenske, and A. Erdemir,

and Components Technology Division,
National Laboratory, Argonne, IL 60439

R._AL
Materials
Argonne

Ion-assisted processes, e.g., ion-assisted depo-
sition (IAD), are becoming more common for the
production of thin films. 1In IAD, a film is de-
posited by evaporation or sputtering while
undergoing bombardment with inert or reactive
energetic ions.

Good film adhesion is critical in many applica-
tions, particularly for lubricious metal films
on ceramic substrates used at elevated tempera-
tures. Many thin-film deposition techniques
(e.g., evaporation) produce films with poor ad-
hesion. Thus, energetic-beam deposition tech-
niques such as IAD are being investigated
because of their potential for improving the
adhesion of the films to the substrate. Film
adhesion in IAD can be improved by energetic-ion
bombardment of the substrate prior to and during
the start of deposition. However, the condi-
tions (ion energy, flux, species) that produce
the best adhesion at the start of deposition are
not well understood.

In this work, a pull-type adhesion tester was
used to measure the adhesion of various IAD
films to Al203 and Si3zN4 substrates. The effects
of varying the current density and energy (100-
1500 eV) of the ions (reactive and inert) are
reported.

*Work supported by the U.S. Department of Energy,
Enecrqgy Conversion and Utilization Technologies
Division, under Contract W-31-109-Eng-38.

A6.14

CARRIER LIFETIME DISTRIBUTIONS AND RECOMBINA-
TION KINETICS IN SILICON ON INSULATOR (SIMOX) SUB-
STRATES. M A Lourengo, K P Homewood and P L, F Hemment,
Department of Electronic and Electrical Engineering, University of
Surrey, Guildford, Surrey, GU2 §XH, UK.

Silicon on insulator (SOI) materials offer many advantages as
substrates for small geometry MOS and bipolar circuits. During
recent years SOI substrates formed by high dose oxygen implanta-
tion (SIMOX technology) have been shown to support high
performance, fully depleted CMOS transistors and, recently,
bipolar circuits also have been successfully fabricated.

During the preparation of the SIMOX substrates, involving ion
implantation (> 10 O- cm* )and extended high temperature
annealing (~1350 °C), many defects are unitentionally introduced,
which can act as trapping and recombination centres. In this
paper the carrier lifetime distributions and recombination kinetics
determined by Photoconductive Frequency Resolved Spectroscopy
(PCFRS) are reported. Comparative measurements give lifetimes
of Sus, 6us and 200us in bulk silicon, annealed bulk silicon and
device quality SIMOX, respectively. In the annesaled silicon and
SIMOX the kinetics are observed to be second order whilst as
expected being first order in unannealed bulk silicon.

Mesasurements on SIMOX riaterial made as a function of tempera-
ture in the range 350 K to 90 K reveal a strong dependence of the
lifetime distribution on temperature, confirming the domirance of
carrier trapping. Trap parameters have been obtained from
Arrhenius plots of the lifetime distribution and details of these will
be presented.

A6.15

SPONTANEOUS VITRIFCATION OF ION MIXED METASTABLE
PHASES IN IRON-BASED ALLOY SYSTEMS L.J.Huang,
B.X.Liu{as) and H-D.Li, Department of Materials
Science and Engineering,Tsinghua University,Bei-
jing, 100084 ,CHINA:(a) alos at Center of Conden-

sed Mater and Radiation Physics, CCAST(World Lab)
Beijing, Chinas.

Spontaneous vitrification was observed in some
iron-based alloy films prepared by xenon ion
mixing and hereafter annealed at low temperature.

It was found that the spontaneous vitrification
could only be accessed when the system had a lar-
ge elastic energy in addition to & pre-formed
metastable phase by ion mixing. Firstly, the mul-
tilayered films were irradiated by xenon ions to
certain dose and a uniform mixing was achieved.
The films consisting of metasteble phases were
then subject to in situ annealing in transmission
electron microscope to the temperature at which
the metastable phases were stabilized. These films
were kept at room temperature for months and re-
examined again and a uniform spontaneous metas-
table crystalline to amorphous phase transforma-
tion was observed.

This paper presents the detailed process of metas-
table phase formation and transformation and the
thermal stability of the observed vitrified
phases. The kinetics of these phase transforma-
tions is also discussed.

A6.16

FOCUSED, 0.5 MeV ION BEAM LINE WITH LOW ABERRATION
QUADRUPOLE MAGNETS. Kiyotaka Ishibashi, Ken-ichi
Inoue, Yutaka Kawata, Norio Suzuki, Electronics
Research Laboratory, Kobe Steel, Ltd., Kobe
873-02, Japan; Mikio Takai and Susumu Namba,
Faculty of Engineering Science and Research Center
for Extreme Materials, Osaka University, Toyonaka,
Opaka 6580, Japan.
The techniques of Rutherforad backscattering
spectroscopy (RBS) and particle-induced X-ray
emission spectroscopy (PIXE) using MeV ion
mjcroprobes are expected to play a very important
role in the recent advancesent of microelectronic
materials and processes.

A microbeas line with 0.5 MeV helium ions has been
developed and installed at the Research Center for
Extremse Materials, Osaka Univ. The beam line
consists of coylindrical objective slits, a
magnetic quadrupole doublet with hyperbolic shaped
pole pieces and a 6~axis goniometer newly designed
for microchanneling measurements. A minimum bean
spot size of 0.7um X 0.8um was achieved by
evaluating the spacial resolution of the secondary
electron image, and a spot size of lu m diameter
with ourrent of nearly 100pA has been steadily
available. As an example of microbeam analysis,
secondary electron and RBS mapping images of a
1 u4m gold pattern on a silicon substrate were
demonstirated.

In this meeting, an optimum design of a quadrupole
magnet using a 3S-~disensional numericeal magnetic
analysis and cocomparison of s8spatial resolution
between the two mapping images will be discussed.

Ab.L7

THE STRUCTURE AND PROPERTIES OF Ni FILMS
GROWN BY ION BEAM ASSISTED DEPOSITION.
R.A._Kant, G.P. Chambers, and B.D. Sartwell,

Naval Research Laboratory, Code 4675, Washingion DC 20375

The influence of ion bombardment on the propenies of Ni
thin films grown using ion beam assisted deposition has been
studied for films grown under ion bombardment with high
energy Ni ions (25 to 160 keV) and under Ar bombardment at
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low energies (0.1 1o 1.5 keV). Ni was selected for this study
because it is a relatively unreactive metal. Ni and Ar ion
bombardment were used in order to investigate ballistic effects
with minimal influence due to compositional effects. Film
microstructure was c¢xamined using transmission electron
microscopy and electron diffraction. Substrates for the electron
microscopy samples were single crystal sodium chloride with
7 nm of Ni deposited at 280 C. The observed microstructural
characteristics include small grain size with strongly oriented
crystal structure, microtwinning and a high density of defects.
These features are discussed in terms of measured electrical
conductivities and mass densities as a function of the ion to
atom arrival ratio, ion energy, and substrate temperature.
Samples prepared for electrical resistivity and density
measurements were deposited on optically smooth single
crystalline sapphire substrates at room temperature. Film
densities were determined using step height measurements
together with microbalance mass measurements; electrical
conductivities were determined using the four-point-probe
method. For the case of bombardment with low energy Ar
ions, the mass density was observed to be strongly sensitive
both to ion energy and to ion to metal atom ratio.

A6.18

Af' INDUCED INTERFACIAL MIXING IN Pd/Cu SYSTEM.
H. X. Kim, Korea Standards Research Institute,
Taejon 302-340, Korea; J. H. Song, S. 0.
Kim, C. N. Whang, Department of Physics, Yonsei
University, Seoul 120-749, Korea; J. J. Woo,
Department of Physics, Chonnam University,
Kwangju 500-757, Korea; and R. J. Smith,
Department of Physics, Montana State University,

Bozeman MT59717.

Evaporated pPd/Cu bilayer thin films are
irradiated at room temperature using 80 keV Ar
with doses in the range of 1x10-% to 1x1¢:® cm-2.
The Ar™ induced interfacial mixing behaviors are
investigated using RBS technique, and phase
formationr Dby Ar" Dbombardment is investigated
using RBS and TEM techniques. RBS analysis shows
that intermixing has occurred across the Pd/Cu
interface, and the mixing variance increases with
increasing dose of ArX . This result agrees well
with a model based on radiation enhanced
diffusion mechanism. The phase of Cu_Pd is found
to be formed by Ar~ bombardment. This phase
formation is discussed in terms of enhanced
atomic mobility and thermodynamical driving force
by introducing the concept of an effective heat
of formation.

A6.19

IN-SITU ION BEAM HEASUREHENIS OF DEUTERIUM LOADING IN THIN
FOIL ELECTROCHEMICAL CELLS. J.A. Knapp, T.R. Guilinger,
M.J. Kelly, D. Walsh and B.L. Doyle, Sandia National
Laboratories, Albuguerque, NM.

A key element of recent assertions of "cold fusion" has
been the claim of electrochemical deuterium loading into

Pd electrodes to levels exceeding 1.0 D:Pd. Ve have used
external beam nuclear reaction analysis, in combination
vith electrochemical cells with a Pd foil electrode at one
vall of the cell, to directly monitor the loading and un-
lo,dlng of D in the Pd foil as the cell is operated. Using
a “He ion beam in air, the deuterium in the outgr 2 um

of the exposed Pd foil is measured using the D( He,p)
nuclear reaction. Typically, a 25 um foil vas observed to
load to 0.6:1 (D:Pd) vithin a few minutes and reach 0.8-
0.9 vithin several more minutes. No conditions were found
which resulted in loadings higher than 0.9. Combined vith
reference electrode monitoring, this in-situ measurement

of deuterjum content for an operating Pd electrode provides
a direct correlation betveen electrode loading and chemical
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potential.

‘This work vas performed at Sandia National Laboratories
supported by the U.S. Dept. of Energy, contract number
DE-AC04-76DP00789.

A6.20

ON THE STABILITY OF METASTABLE AND AMORPHOUS
PVD-COMPOUND FILMS. Otto Knotek;
Frank Jungblut; Arman Barimani,
University Aachen, F.R.G.

Technical

Binary and quasibinary eutectic systems with
small solubilities can create metastable phases
as coatings using PVD-technology. They have
sufficient thermal stability for tools, and for
both wear- and corrosion-protection. Another
special effect of those systems is the amor-
phous deposition from the gaseous phase. In
this case, the thermal stability is increased
due to the incorporation of small amounts of
impurities. A specif c transformation from the
amorphous to the crystalline state can be
achieved. Examples are given within the systems
(Ti,Al)N, (Cr,Al)N and Al.0,. An example for
the decomposition in coatings is to be given by
the (Ti,Zr)N-system.

A6.21
Analysis of Elements in Fingernails by Rutherford Backscattering Spectroscopy P.

Madakson IBM Research Division, Thomas J. Watson Research Cenier, Yorktown
Heights, NY 10598.

The fingemails of several people were studied Lo determine the elements and their
variations in composition and, with source and time. The common elements were
found to be H, C. N, O, Ca and Fe. Tbe first four elements have about Lhe same
composition for each of the fingernails studied and tbey do pot vary significantly
with time or source. lo contrast, tbe compositions of Ca and Fe vary from person to
person and with lime, probably in line with changes in their amount in the body.
Other elements found on some people are Bi, Si, Zn, Nb, Pb and Nd. Some of these
are probably from exiernal conamination of \be fingernails and otbers from food
or waler intake.

A6.22
SECONDARY IONIZATION DURING ION BOMBARDMENT OF
Rh{111), Geoffrey P. Malafsky(l) and Nicholas

Winograd, Department of Chemistry, 152 Davey
Laboratory, The Pennsylvania State University,
University Park, PA 16802

Secondary ion mass spectrometry (SIMS) is a
powerful technique for analyzing the atomic
concentrations of thin films. However, SIMS is
hampered by large differences in the ionization
probabilities of different species. We report on
the fundamental nature of the secondary
ionization process during ion bombardment of a
Rh{111) target. We describe the first direct
comparison of measured energy and angle resolved
secondary ion and neutral particle distributions
from a single crystal sample. From this
comparison, we identify a collisionally induced
secondary ionization mechanism. This mechanism
occurs during the collision cascade through
certain high yield collision sequences which
significantly disrupt the electronic structure
of the lattice. These collision sequences produce
anomalies in the energy and angular distributions
of the ejected Rh+ ions which are not present in
the Rh neutral particle distributions. The
anomalous yields agree with a molecular dynamics
simulation of the ion bombardment process.

(1) Present address: ONT Postdoctoral Fellow,
Naval Research Lab, Code 6816, Wash, DC 20375




A6.23 the buried oxide layer and the quality of the

ION BEAM MIXING OF MULTILAYERED Co-B THIN FILMS silicon top layer.

Q. Choe, Center for Materials Science and Engineering; R.M. Walser, . R

Dept of Electrical and Computer Engineering. The University of Texas at ~ We€,__Will present results of this work as

Austin, Austin TX. 78712. obta.}ned by RBS/channeling and TEM. Very high
quality, low defect SIMOX material has been
pgoduced with a two step process (7 x 1017

Magnetically soft, amorphous Co-B films, exhibiting a two-phase 07/cm®). We will also discuss the formation

structure, have attracted attention because their specific morphological ~ @nd evolution of thle buried Si0; layer at very

changes arc associated with important changes in their soft magnetic =~ 10W doses (1-4 x 10%/ 0%/cm?).

propertiesl. In this paper we report on investigation of the structural and

. magnetic propertics of ion beam mixed Co-B films. Multilayered Co-B : . .

films were systematically prepared with various bilayer periods (BP=T¢, &+ f: Namavar, E. Cortesi, and P. Sioshansi,

+TB, TCo/TB = 4) and ratios of bilayer thickness (composition). These Mat. Res. Soc. Symp. Proc. 128, 623 (1989).

films were subsequently ion beam mixed with 150 keV 1016 Ar ions/cm2,

Microstructure and compositional modulation of the ion beam mixed films - R

were investigated with TEM/TED, Auger depth profiling, and x-ray * This work was supported in part by DOD/RADC

diffraction at Hanscom AFB under contract No. F19628-86-~
) C-0069.
Although ion beam mixed films exhibited amorphous structures, the A6.26
. morphologies differed as a function of BP in the as-deposited state, ’
possibly indicating a difference in atomic ordering due to different degrees MICROSTRUCTURAL STUDIES 0O MYLAR (PUT) USING

of microscopic mixing. The ion beam mixed film with large BP (170A)  CRYOFRACTURING SYSTEM AND SEM. A.K.Nigam, Ramji
showed a microstructure composed of small spherical particles (60-150A),  pathak, R.N. Chakraborty and U.K. Chaturvedi.VDG
' whereas the ivn heim mixed film with small BP (28A) showed a two- Lab. .Deptt of Physics, B.H.U.,Varanasi-221005.IKDIA
. phase separated, maze type microstructure. This morphological difference
appeared to influence magnetic properties such as anisotropy and
coercivity. Magnetization measurements of ion beam mixed films revealed
that the atomic concentration at which ferromagnetism disappears extends
to higher boron composition (=55 at% B) than those of the reported melt-
spun alloy (40 at% B)2. These magnetic properties will be discussed in
relatonship to the morphological inhomogeneities.

To study the microstructure of the semicrysta-
line Polyethyliene Terapthalate (PET) samples
using versatile SEM technargne n o special cryolrac-
turing system has becn desig. '« and (abricutod.
Using this system the thin 250 KeV H implanted
polymer sheets can be broken at liquid N, tempe-
raturc without disturbing Lheir microstriictural
details as the sample becomes brittle at this
temperature and can be fractured easily.
Implantation causes blistering which may be

1. D.Y. Kim and R.M. Walser, J. Appl. Phys.,64, 5676 (1988)
2.N.S. Kazama, T. Masumoto and M. Mitera, J. Magn. Magn. Mat., 15, 1331 (1980)

A6.24 exfoliated and {laked on further implantation.
The SEM studies of these cryofractured samples
(E:HLEAg'IgfI{‘ZOSTéATgS g%ﬁ?ﬁﬁ%ﬁéﬁnﬁﬁﬁy have revealed evidences for the Brick Mortar
Via de’ Castagnoli 1 - 40126 Bologna, Italy. structure of PET.
A6.27
In this work a new formalism is presented for the
aluation of the effective ch f h i ith FORMATION OF METASTABLE SILICIDE PHASE UNDER THERMAL
g},fe:raMoex\ll? © eflective charge of heavy fons Wikh ener&y ANNEALING AND BEAM IRREDIATION OF NI/SI THIN FILM

BILAYERS. Mubhammad Z Numan and Lim poh Leng, Physics

Similarly to the theory of Guinea, Flores and Echenique the Dept.. !ndiana University of Pennsylvania, Indiana, PA 15705

effect of the electron gas on the bound states of the ion is
determined (i) by using a dielectric response in which free
electrons are described by orthogonalized plane waves

instead of plane waves and (ii) by including exchange and Evaporated Ni Films on amorphous Si layers, prepared both by
g’ﬁdﬁ:gg&?:g&:‘ﬁﬂ&g’:&:ggﬁ::g t‘_’l}:‘se‘c";;:: eleciron beam deposition on and ion implantation of <100> Si,
in the bound states is determined by using a variational were subjected to vacuum annealing and ion beam 1_rredxaupn.
procedure. The resulting planer silicide layer was characterized using

Rutherford backscattering and cross-sectional transmission

The stopping values corresponding to the this effective electron microscopy. The initial stage of nucleation and growth

charge are used in a Monte Carlo simulation to calculate

' the ion range in silicon and gallium arsenide. of the crystalline and amorphous silicide phases has been
studied to understand the role of impurities and processing
A6.25 variables. A phenomenoiogical mode| is proposed to expiain the
' STUDY OF THE EVOLUTION OF THE BURIED 510, daia.
, ILAYER FORMED BY MULTI P}.E LOW DOSE OXYGEN
' IMPLANTATION INTO SILICON", F. Namavar and E A6.28
i i rati Patriots Par i
f,Z;f‘jf; M}\Sp"e Corporation, ’ MICROSTRUCTURAL - CHARACTERIZAVION OF  TUXITUREIN
' ’ ) FUNGSTEN FITMS MADE BY TON-ASSISTED EVAPORATION K_Rajan
1 i i i Rennselacr Polvtechnic Institute, Troy, NY, R A. Roy, R Petkic, and K. V.
: We have shown in our previous work (1] that it \ . ¥, ) )
is possiile to form fxigh quality, [1¢3w defect Ramanathan IBM Rescarch Division, 1. 1. Watson Rescarch Center, I"0. Box
Separation by IMplantation of OXygen (SIMOX) 21R, Yorktown licights NY 10598,
, material with a three step oxygen implantation ) ) ) i
' process (total dose of 1.1 x 1018 O+/cm2) . In In previous work jon-assisted deposition of Nb, Cr, and W has heen used to svs-
' order to optimize this process, we have carried tematically control film stress by variation of deposition paramcters such as 10n
i out an extensive study of the effect of flux, cubstrate temperature, and ion cnergy. Recently we established a_gcncral
‘ parameters such as dose step, dose rate, corrclation between film fiber texture and stress in W films evaporated with con-
implant angle, and annealing time and current ion bombardment. The films were deposited over a range of substrate
L temperature, on the formation and quality of temperatures and subjected 10 varying degrees of ion bombardment during growth.
28




In this paper the results of transmission electron microscopy studics of these films
are presented. The effects of features such as grain boundary structure on texture
arc presented.  The possible role of dislocations and dislocation-grain boundary
interactions on the texture-stress relationship is also explored. Results will be dis-
cussed with respect to the dynamics of film growth during ion-assisted deposition.

A6.29

DEPOSITION OF THIN METALLIC FILMS BY HIGH POWER
ION BEAM TARGET EVAPORATION. A.N.Zekutaev ,
I.F.Ilsakov, G.E.Remnev , Nucleer Physics Institu-
te, 634050 Tomsk, P.0.Box 25, USSR.

The report deals with the results on production
of thin films produced by high power ion beam
taerget evaporation.The beam has the following pa-
rameters : 300 keV iog energy, 50 ns pulse dura-
tion, 100 to 200 A/cm® current density on the
target. The beam consists of protons and cgrbon
ions. In comparison with traditional vacuum eva-
poration techniques, the characteristic feature
of employing those beams is high precipitation
rate, exceeding 1 cm/s which garantees produc-
tion of dense and strong films. The transversal
cross-section of the beam incident on the target
was 20 cm s the substrate was positioned at a
shallow angle to the target plane, at 2 and more
cm distance. The films of plumbum, iron, cadmium
zinc and another materiaels were produced both by
one pulse and by several pulses % to 100 ) . Im
target evaporation, a droplet fraction was obser-
ved. The iilms showed a crystel structure with
about 10% to 103 crystallite dimensions .
A correlation of metal non~snnealed films with
their growing rates was observed . The £ilm pro-
file followed the relief of the substrate surf-
ace in gll the cases . ’

A6.30

COMPUTER SIMULATION OF ION BEAM ENHANCED
DEPOSITION OF TITANIUM NITRIDE FILMS. WANG X1,
ZHOU Jiankun, CHEN Youshan, LIU Xianghual ana
Z0U_Shichang, 1Ion Beam Laboratory, Shanghai
Institute of Metallurgy, Acaaemia Sinica,
Shanghai 200050, China

A Monte-Carlo computer simulation has been per-
formed to describe at atomic level the growth

cf titanium nitride films by ion beam enhanced
deposition (IBED). The simulation is based on
the assumption of a random target, fixea free
path of moving particles and binary collisions.
An alternate process of deposition of titanium
atoms and implantation of nitrogen ions is
appliea to replace the actual continuous and
synchronous process of IBED. According to the
actual conaitions, the adso.ption of nitrogen,
which has leakea out from the ion source, on

the fresh titanium film surface has been con-
sicerea. 1In aadition, the change of the com-
position ana density profiles during film growth
has been taken into account. It is demonstrated
that the width of the interface region between
substrate and film increases with the increasing
of the atomic arrival ratio R of the implanted
nitrogen ions to deposited titanium atoms. When
the titanium aeposition rate is low, the nitro-
gen concentration of the films is not too sen-
sitive to R, indicating that a considerable
contribution to the nitrogen concentration is
aerived from the nitrogen gas leaked from the
ion source. The obtained composition profiles
are in agreement with the experimental measure-
ments.

A6.31

AES AND IR SPECTROSCOPIC STUDIES OF SOI
STRUCTURES FORMED BY ION IMPLANTATION. Yu
Yuehui, Lin Chenglu and Zou Shichang, 1lon Beam
Laboratory, Shanghai Institute of Metallurgy,
Academia Sinica, Shanghai 200050, China; and
P.L.F. Hemment, Department of Electronic &
Electrical Engineering, University of Surrey,
Guildford, Surrey GU 5HX, U.X.

The chemical composition and structure of silicon
on insulator (SOI) formed by O* (200Kev,
1.8x10'%cm™2} or N* (190Kev, 1.8x10!°/cm?) im-
plantation into silicon have been investigated

by AES, IR absorption and reflection spectros-
copic measurements. For SOI structures produced
by o* implantation and annealing at 1300°C for 5
hours, the characteristic Auger spectrum for the
interface between the top silicon layer and the
buried oxide layer identified a chemical state

of silicon whose major transition at 85eV is
different from that of bulk silicon or silicon

in Si02. This chemical state was also observed
in the buried oxide layer and the ratio of the
amplitude of the Si peak at 85eV to the Si peak
at 76eV remains unchanged in the buried oxide
layer, and the component ratio of SiOp phase in
the buried oxide layer was determined to be 0.8.
For SOI structures pr8duced by N* implantation
and annealing at 1200°C for 2 hours, a nitro-
genen-riched layer was observed in the buried
nitride layer. For both SOI structures, a

strong asymmetry of the two main interfaces was
observed. By IR absorption analysis, the activa~
tion energy of transformation of buried oxide
layer into thermally oxidized SiOj was determined
to be 0.13ev.

A6.32

FORMATION OF BURIED OXYNITRIDE LAYER INTO SILICA
GLASS USING 10N BEAM. Keigi Oyoshi, Takashi Tagami
and Shuhci Tanaka, Tsukuba Rescarch Laboratory,
Nippon Sheet Glass Co., Lid., 5-4 Tokodai,

Tsukuba City, lbaraki, 300-26 Japan

The depth profile of additionally implanted
nitrogen vas not a Gausssian-like distributlion

but a trapezoidal one at the dosc of N° ion, more
than about 3X10'® ions/cm * (acceleration voltage,
150kV). The maximum concentration of nitrogen
saturated at the ion dose. The concentration of
implanted nitrogen drastically decreased after

the annealing at 600°C.

In the case of silicon ion implantation before or
after nitrogen ion implantation, the nitrogen
depth profile was a Gaussian-like one, and the
distribution of nitrogen did not change after the
annealing at 900°C. The maximum nitrogen
concentration was obtained in the case of nitrogen
implantation after silicon implantation.

Moreover, bubbles appeared underneath the
implanted surface at the condition of silicon to
~itrogen ion dose ratio 0.75, total dose

4%10'? jons/ca ?, and acceleration voltages of
silicon and nitrogen 100 and 50kV.

The bubble formation was suppressed by the
nitrogen ion implantation of two depths deeper and
shallower than the peak of silicon concentration.



A6.33

EVALUATION OF COMPOSITIONAL CHANGE IN MASKLESSLY
DEPOSITED LINES BY MICRO-RBS ANALYSIS. A.
Kinomura, Y. F. Lu, M. Takai and S. Namba, Osaka
University, Faculty of Engineering Science and
Research Center for Extreme Materials, Toyonaka,
Osaka 560, Japan; M. Satou and A. Chayahara,
Government Industrial Research Institute Osaka,
Ikeda, Osaka 563, Japan.

Oxygen contents in masklessly deposited tin oxide
and silicon oxide lines were investigated by
micro-RBS analysis using 1.5 MeV helium ion and
proton microprobes, Since the micro-RBS analysis
is free from the charge-up effect which is a
serious problem in case of an Auger electron
spectrometry, the micro-RBS is suitable for
insulating materials. A spot size of the
microprobe was 3 pm x 3 pm with a beam current of
100 pa.

The tin lines were masklessly deposited on GaAs by
an Ar' laser irradiation in an SnCl, atmosphere.
Much oxygen content introduced from residual gas
were found in the deposited lines. While Sn and
Sn0., are electrically conductive, SnO is an
insulator. It is important to control the oxygen
contents to obtain conductive lines.

The tin line deposited with a laser power of 350
mW was analyzed by the 1.5 MeVv helium ion
microprobe. Variation of the micro-RBS spectra
due to the compositional change was observed
when the microprobe was scanned across the
deposited line. Stoichiometric SnO, was found at
the center of the deposited line.

A6.34

DEPENDENCE CF COMPCSITION AND STRUCTURE OF
ION-ASSISTED BCORON NITRIDE THIN FILMS ON PROCESS
PARAMETERS.Y T1.G. Tetreault, J.K. Hirvonen, and
G.R. Parker, Spire Corporation, Bediord, MA; P. Xullen and
T. h:cDevitt, Aiellon Institute, Pittsburgh, PA; J.P. Hirvonen,
Los Alamos National Laboratory, Los Alamos, NM.

Thin films of EyN(j.x) have been deposited on a variety of
substrates by the method of ion beam assisted deposition
(IRAD). The process involves electron-beam evaporation of
boron with simultaneous bombardment by a low-energy (< ZkeV)
non-mass analyzed nitrogen ion beam from a Kaufman-type ion
source. The effect of process parameters, such as ion energy,
ion/evaporant flux ratio, and substrate temperature, on the
resulting fitm's stoichiometry and crystal structure is presented.
X-ray diffraction, transmission electron microscopy, and Raman
spectroscopy are used to investigate film microstructure while
stoichiometric determination is provided by nuclear reaction
resonance analysis. Other film characteristics which are
reported include microhardness, friction and wear behavior, and
optical properties.

* - This work sponsored in part by Department of Energy SBIR
contract DE-AC02-87ER80449.

A6.35

COBALT SILICIDE FORMATION ON Si SUBSTRATE
HEAVILY DOPED WITH ARSENIC IONS. V.V. Tokarev ,
Institute of Solid State and Semiconductor
Physics, the BSSR Academy of Sciences, P.Brovka
str. 17, Minsk, USSR, 220726.

Silicide films are gaining greater significance
in the production of miniature devices. However
silicide synthesis on heavily doped Si films is
a matter of some definite difficulty which
often can not be solved by traditional methods.
The paper presented considers the processes

going on in heavily doped Si during its inter-~
action with a metal film.

RBS, AES, x-ray diffraction and electrophysical
measurements of film resistance and thickness
were used to study the reaction of Co gilicide
formation with Si, heavily doped by As_implanta-
tion (dose range 3 10E15 - 3 10El6 em™? ). The
reaction was enhanced by extra implantations of
argon, oxygen and carbon in the dose range of
10E14 - 10E16 cm = with energies ensuring Rps=
0.5 dpes ldpe and 1.5 dye, and also by rapid
heating and annealing in diffusion furnace.

It is shown that every dopant used enhance the
process of silicide formation on heavily doped
Si, and the destabilisation of covalent bonds in
6i is the main contribution rather than inter-
mixing of metal-silicon layers.

A6.36

TITANIUM SILICIDE FORMATION ON MONO- AND POLY-
CRYSTALLINE Si ENHANCED BY ARGON IMPLANTATION.
V.V. Tokarev, A.I. Demchenko, U.Ch. Dulinets,
Institute of Solid State and Semiconductor
Physics, the BSSR Academy of Sciences, P,Brovka
str. 17, Minsk, USSR, 220726.

Titanium silicide synthesis is a complex process,
it is given much prominence in the production of
IC. This paper gives the analysis of Ti silicide
synthesis on mono- and polycrystalline Si, en~
hanced by argon implantation.

Electrophysical and analytical measurements

made it possible to determine silicide film re-
sistance and thickness, silicide phase, grain
size, the structure and distribution of elements
on silicide synthesis during solid phase reaction
of mono- and polycrystalline silicon with 60 nm
silicide film, implanted with ageon ions to a
dose range of 10El4 - 10E17 em (energy range
30-200 keV) and heat treated in a diffusion fur-
nace at 650°C and 850°C.

The investigations showed accelerated due to the
implantation growth of silicide layers. This is
caused by two processes: by intermixing metal
atoms with Si atoms and by uniform dopant dist-
ribution in the mixed volume. There is presented
a model of silicide synthesis, which also ac-
counts for additive inclusion of Me-Si in the
system.

A6.37

10N BEAM MIXING OF LANTHANUM OXIDES AND COPPER MULTILAYERS. J.P.
Mathevet and A. Traverse, Centre de Spectrométrie Nucléaire et de
Spectrométrie de Masse, Bat 108, 91405 Campus Orsay, France

The role of the energy deposition process (electronic versus
nuclear), of the nature of created defects on ion beam mixing
mechanisms of metallic and oxide layers are not yet well
understood.

As lanthanum, copper and oxygen are components of high
transition temperature superconductors, we have chosen to study
their behavior under ion beam mixing. The effects of the initial
oxygen content, the irradiation temperature and the density of
deposited energy on the final composition and structure of the
mixed layers are analysed. The possibility for preparing high Tc
superconductors by this technique is discussed.
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A6.38

ION BEAM MIXING OF METALLIC MULTILAYERS. Agnés Traverse, Centre
de Spectrométrie Nucléaire et de Spectrométrie de Masse, BAt.
108, 91406 Campus Orsay, France

Experimental diffusion coefficients have been measured on
metallic layered samples submitted to ion irradiation at low
temperature, in different density of deposited energy regimes.
The irradiated layers are chosen with enthalpy of mixing passing
from positive to negative values : Ni/Pt, Ni/Pd, Ni/Au and Ni/Ag.
A model for linear effects is presented through an analysis of
the experimental results in terms of ballistic and chemical
mechanisms.

A6.39

EFFECT OF IMPLANTATION CONDITIONS ON THE MICROSTRUCTURE OF
HIGH-DOSE OXYGEN IMPLANTED SILICON-ON-INSULATOR MATERIAL.
5. Visitserngtrakul!, B.F. Cordis?, and S. Krause!, !Department of Chemical, Bio and
Materials Engineering, Arizona State University, Tempe, AZ.; 2Ibis Technology
Corporation, Danvers, MA.

High-dose oxygen implantation in silicon, SIMOX (separation by implanwtion of
Qxygen), is a promising technique for producing silicon-on-insulator material. Most
studies have examined SIMOX prepared with a traditional (lower current, lower
temperature) implanter, which has beam current densities from 15-150 pA/cm2.
Recently, a high-current implanier with a density of 1 mA/cm? has been developed for
commercial SIMOX fabrication. This machine shortens the implantation time and
produces structural features not routinely observed in samples from traditional implanters.
We have investigued SIMOX implanied at high-current densities and are reporting the
effects of implantation dose, temperature, and beam current density on the structure using
conventional and high resolution electron microscopy.

Most samples were implanted 10 8 dose of 1.8 x 1018 cm2, at 600°C, at 200 keV, and
with the beam current density of 1 mA/cm2. The general structure of traditional and high
current samples is the same with a 0.3 um top Si layer, a 0.4 um buried oxide layer, and
damage zone below the buried oxide layer. However the top Si layer of the higher current
sampies has trails of bubbles at the surface with no defects, and large 0.1 um multiply
faulied defects extending outward from the buried oxide interface. In the top Si layer of
traditional lower-current samples, there are short, 20 nm, defects throughout the layer and
no bubbles are preseat. Annealing higher-current samples at 1300°C for 6 hours results
in SIMOX with defect density of only 105 cm-2 which is four orders less than the
traditionaf samples. This is auributed (o the absence of defects at the surface in the newer
samples. This effect will be discussed further.

When dosc was varied from 0.3 10 1.8 x 10'8 ¢m2 in high current implanted samples,
the structure of the op Si layer remained similar with bubbles and long multiple defects
present for all doses. When beam current density was varied from 1 mA/cm?2 w0 10
mA/cm? no significant structural changes occurred. When temperature was varied from
550 10 700°C, a large increase in final defect density occurred for samples implanted at
550°C. The effects of these implantation conditions on defect evolution will be discussed
further.

A6.40

THE CORROSION RESISTIVITY OF CERMET COATINGS MADE BY
ION BEAM TREATMENT. Tian Wei. Author, and Cai Wei-
ping. Wuhan Iron and Steel University, Wuhan, China.

A cermet coating was obtained on a silicon-
deposited pure iron surface by means of a single tre-
atment integrating icn implantation and ion beam mix-
ing. As compared with either simple ion implantation
or simple ion bean mixing, the integrated treatment
provides the cermet coating with an electrochemical
performance far better than the simple treatments.
Data as observed in the author's experimentation show
that the integrated or, the 'dual treatment' exhibits
the highest corrosion resistivity in aqueous solutions.
In neutral agueous solution, the specimen which has
acquired its resistivity from the ‘dual treatment' ex-
hibits both a lower passivating current density Ic
ard a lower passivity-holding current density Im than
that of pure iron by more than two orders of magnitude;
and the former shows a corrosive current density lower
than that of simple ion beam mixed specimen by 8/9 with
Im and Ic lower by two orders of magnitude. Repeated
wnltametric graph shows its Ic to remain lower than
that of pure iron after 13 sweeps, its Im being 1/4 of
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that of pure iron. All that has been mentioned above
demenstrated that the 'dual treatment' imparts corros-
jon resistivity to the specimen which is far superior
to those treated by other 'simple' treatments.

A6.4)

INVESTIGATION OF OXIDE/METAL MULTILAYERS FOR SOFT
X-RAY OPTICS FABRICATED BY ION BEAM SPUTTERING.

| . Kataoka.K.lto. Ll Yonamitau -K.Etoh,N.Hoshi,
|.Yamada,Japan Aviation Electronics industry.Ltd.
1-1,Musashino 3-chome.Akishima-ehi.,Tokyo.,196 Jaran

Recentiy s number of studies of soft X-ray have
been made. We are also investigpating multilavers
for these types of optics and have shown that high
reflectivity can be obtained by using oxides or
hydrides for space layers in the wavelength region
from 2.33 nn to 4.4 nm because of these sma!l ab-
sorption coefficients.

However.,practically fabricated multilavers don't
show such high reflectivities sexpected by calcula-
tion becsuse of the roughness of interfaces and
surfaces of multilayer.

Then. in this paper, we pay attention mainly to
the problem of morphology of SiO2/Ni and B203/Ni
multilayers fabricated by dual ion beam sputter-
ing.

In the depositing process.oxygen ions and argon
ions were suppliied during the deposition of oxides
and Ni respectively as s parameter of fabrication.
We discuss the relation between conditions to
deposit multilayers and their properties which are
evaluated by using a radial distribution analvsis
system of RHEED pattern, an STM and X-ray
diffract-meter. Furthermore the reflectivity of
multilayers was evaluated by X-ray reflectivity
meter.

A6.42

MOLECULAR DYNAMICS SIMULATIONS OF IONIZED CLUSTER BEAM
DEPOSITION. and R. S. Averback, Department of
Materlals Science and Enginoering, University of Hinois, Urbana, IL
g1084°319; and R. Benedek, Argonne National Laboratory, Argonne, IL

Although lonized oluster beam deposition appears 1 be & promisl
molhog for thin film deposition, the physical processes of an enorgc?lg
oluster oontaining tens to hundreds of atoms impinging on s surface are
not undersiood. We have found that molecular dynamics simulation Is &
werful technique for attacking such highly non-homogeneous many-
problems. (n this investigation we have simulated the impingement
of a oluster conialning 100 atoms on 8 <100> surface of 8 orystal
using Lennard Jones potential and copper potential from the embedded
alom method. The clusters with varying snergles and with both the same
and different (attice parameters than the subsirate are studied. The
simulations provide microscopic information about spreading of the
ocluster over the surface, epitaxial relationghips, defect production, and
alemic mixing between the cluster and the subdstraie.

Work supported by the U.S. Depaniment of Energy, Bask Ensrgy
Sclences.

A7.1

ION BEAM MODIFICATION OF HIGH T, SUPERCONDUCTORS.
O. Meyer, J. Geerk, G. Linker, B. Strehlau, X.X. Xi,
Rem?orscﬁungszentrum Karlsruhe, INFP, P.O. Box 3640, D-7500
Karlsruhe, FR

lon irradiation and implantation experiments of high
temperature superconductors (HTSC) thin films resulted in
many interesting effects. Among those are:

(i) the superlinear increase of the resistivity, p, with ion fluence,
¢, leading to a metal to insulator transformation,



(1) the large recovery below room temperature of the
radiation induced increase of p (about 60%) as well as the
recovery of the decrease of the transition temperature, T, and
(iii) the large structural changes such as the increase of the c-

} axis lattice parameter with ¢, the radiation induced
orthorhombic to tetragonal phase transition, and the
amorphization.

The Tc-depression rate and the change of the critical current
depend on the initial state of the sample characterized by p, T¢,
the residual resitivity ratio r{p,,/p,,.,) and the grain boundary
density. in order to separate the influence of percolation
effects from intrinsic effects of the superconductor, high
quality single crystalline films have been used in irradiation
experiments. Displaced oxygen atoms play an important role
for the observed property changes.

The ion induced metal to insulator transition is applied for ion
beam patterning to fabricate narrow bridges and SQUID's. Low
dose |.rrad|atnon was used to improve t?\e sensitivity of the
SQUID’s. The effectivity of defects as flux pinning centers to
enhance the critical current in magnetic field is discussed.

A7.2

STRUCTURE OF AMORPHOUS Al,0, PRODUCED BY ION IMPLANTATION*,
C. J. McHarque, P. S. Sklad, P. Angelini, C. W. White, and
J. C. WcCallum, Oak Ridge National Laboratory,

P.0. Box 2008, Oak Ridge, TN 37831-6118.

The amorphous state can be produced in a-Al,0, (sapphire) by
ion beam induced displacements at 77 K or by displacements
combined with chemical effects at room temperature.

Progress toward understanding the amorphorization process
has been made from studies of short-range order, electronic
charge on implanted species, and the critical concentration
for amorphization at 300 K.

Analysis of the fine structure of EELS spectra shows the A1-0
first nearest-neighbor distances to be different for
amorphous Al,0, produced by implantation of jron and that
produced by implantation of aluminum plus oxygen in the
stotchiometric ratio at 77 K. Conversion electron Mossbaver
spectroscopy has yielded information on the distribution of
implanted iron and tin among various charge states
(valences) and the symaetry of their surroundings.
Analytical electron microscopy indicates the amorphous state
to be produced at a critical concentration of zirconium
implanted at 300 K.

*Research sponsored by the Division of Materials Sciences,
U.S. Department of Energy, under contract DE-AC05-840R21400
with the Martin Marietta Energy Systems, Inc.

A7.3

INFLUENCE OF ION BEAM MIXING ON THE GROWTH OF
HIGH TEMPERATURE OXIDE SUPERCONDUCTING THIN
FILM. . A. D. Rollet, M. Cohen, M.
Nastasi; Los Alamos National Laboratory, Los
Alamos, NM 87545.

The superconducting properties of high
temperature superconductor thin films are
dependent on the quality of the substrate used
to grow these films. 1In order to minimize the
lattice matching between the superconducting
film and the substrate, we have used a

YBa2Cuio thin film deposited on (100) SrTio, as
a temp aZc. The first film was prepared by co-
evaporation of Y, BaF, and Cu on (100) SrTi0,,
tollowed by an anneal in “wet" oxygen at 850 C.
This film showed a sharp transition at about
90K. A thicker layer of about 3000 A was then
deposited on top of this first 2000 A film,
using the same procedurs. After the post anneal
at 850 C, the transition took place at 77K and
no epitaxy of the second film was observed. 1Ion
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beam mixing at 400 C, using 400 keV O ions was
done at the interface of the two films (the
second one being not annealed). After the

850 C post anneal, the film displayed an
improved Tc at 90K. Moreover, epitaxy was shown
to take place from the interface SrTi05-123 film
towards the surface and was dependent on the
dose. These results will be discussed from the
data obtained from high energy backscattering
spectroscopy combined with channeling
experiments, x-ray diffraction and scanning
electron microscopy observations.

A7.4

INTERACTION BETWEEN IMPLANTED IONS AND INTRINSIC
DEFECTS IN SILICA. R, H._Magruder, Belmont College, Nashville,
TN: R. A. Weeks, Vanderbiit University, Nashville, TN; R. Zuhr,
Oak Ridge Laboratory, Oak Ridge, TN.

High purity silica (Spectrosil) samples were implanted with Ti,

Cr, Mn,_Fe and Cu at doses ranging from | x i0 jons/cm? to 5 x 10"
ions/cm? at 160 KeV and approximately 2.6;4A/cm2. Backscattering
measurements determined the concentration of implanted ions as a
function of dose and depth. The optical absorption extinction
coefficient per ion was measured from 1.8 to 6.0 eV, Inall
implanted samples there was an increase in absorption over
unimplanted samples at energies > 4.6 eV, By visual inspection a
peak in the absorption was observed at ~ 5 eV for ali samples and in
the spectra of Mn samples at 5.8 eV. The increase in extinction
coefficient per ion over an"unimplanted sample was ion specific
with the absorption of Cu implanted samples showing the least
change and the largest increase in Cr implanted sampies. We
attribute the absorption at 5.0 eV to an E" center (Bz center).

The source of absorption at energies > 5.0 eV is due to several
sources, one of which is E* absorption at 5.8 eV. At~ 6eV the
first derivative, dEC/dE, where EC is the extinction coefficient
and E is the photon energy, shows that the siope is positive in the
absorptivities of all samples with the exception of those

implanted with Mn and Cu. This positive slope indicates
absorption due to bands with peaks at energies » 6.0 eV.

As the absorption throughout the spectral range measured is ion
specific, we attribute the different optical properties to

differences in the interaction of the implanted ion with intrinsic
defect centers such as E* and E' centers and to interactions with
defects with energies greater than 6 eV.

This research was supported in part by NSF Contract #DMR-8513731
and in part by the Division of Materials Sciences, US DOE under
contract #*DE-AC05-840R-21400 with Martin Marietta Energy
Systems, Inc.

A7.5

REFRACTIVE
IMPLANT oy
T. Bremer,

DOSE Ti
LiNbO5.

INDEX PROFILES OF HIGH
OPTICAL WAVEGUIDES IN

FB. Physik, Universitat, D~4500
Osnabriick; and Ch. Buchal, R. Irmscher, Inst.
Schicht- und Ionentechnik, KFA, D-5170 Jiilich,
W. Germany

substrates of LiNbO

Single crystalline y-cut
481; jons at 200 keV an

have been implante? with
doses up to 4 x 10 7 em~2. The implants have been
performed at wafer temperatures of 77 K, 300 K
and 620 K. Immediate subsequent processing at
1273 K in wet oxygen ambient 1led to good
epitaxial regrowth at all doses, if sufficient
time was allowed. Channeling and mode
spectroscopy lrave been applied to monitor the
regrowth process. Refractive index profiles have
been calculated with an inverse WKB algorithm
from measured dark line spectra. The maximum
observed extraordinary refractive index change
after regrowth is Ang, = 0.04, indicating a
golubility 1limit of 3.3 _x 1021 1i em73,
corresponding to 18 & of Nb>* replaced by Ti%*.
Even at the highest dose, some influence of
dynamical annealing during implantation at 620 K
is observed, leading to reduced post-implantation
processing times.




A7.6

OPTICAL WAVEGUIDE FABRICATION BY STOICHIOMETRIC
IMPLANTATION OF Ti AND O INTO LiNbO,. D. B, Poker, Solid
State Division, Oak Ridge National Laboratory,” Oak Ridge, TN
37831-6057; and W. Xia, Department of Electrical and Computer
Engineering, University of California, San Diego, La Jolia, CA 92093-
0407.

X-cut substrates of LINbOs have been implanted at 500°C with Ti
and O to doses of 2.5 and 7.5x10!" ions/cm?, respectively. The
high substrate temperature during implantation ensures dynamic
recrystallization, preserving the crystallinity of the LiNbO;. The
stability of the stoichiometric implants is enhanced sufficiently that
annealing at 1000°C proceeds with no surface degradation of the
substrate. Annecaling under identical conditions without the O
implant usually results in phase geparation of a Ti or Li oxide at
the surface, even when annealing is performed immediately following
implantation. Samples implanted with Ti and O to preserve the
stoichiometric metal:oxygen ratio of the substrate can be stored
at room temperature for several months without phase separation.
Planar optical waveguides have been produced by stoichiometric
implantation followed by annealing in water-saturated oxygen for
one hour at temperatures of 900 and 1000°C. The sample annealed
at 900°C supported a single lossy mode, while the 1000°C sample
supported two propagating modes and one lossy mode at 0.6 pm.

* Operated by Martin Marietta Energy Systems, Inc. under contract DE-
AC05-840R21400 for the U.S. Department of Energy.

A7.7

MODIFICATION CF THE WEAR PROPERTIES OF DIAMOND
USING ION BEAM IRRADIATION. Gregory C. Anderson

and Steven Prawer, Dept of Applied
Physics/Microelectronics and Materials

Technology Centre, Royal Melbourne Institute of
Technology, G.P.0O Box 2476V, Melbourne. Victoria
3001, AUSTRALIA.

Recent reports have suggested that ion
implantation of diamond may significantly
enhance its wear resistance. In an attempt to
reproduce and extend these resulfs natural
diamend held at high temperature (800“C)has been
subjected to implantation with various ion
species. Scratch and indentation tests showed
that the surface of diamond can indeed be
toughened by ion beam irradiation.

Changes in the surface wear characteristics of
the diamond have been determined using a ’‘Gatan’
dimple grinder. Interferometric analysis of the
dimples in the diamond has enabled the
determination of the volume of diamond removed
during grinding. Since it is possible to produce
very shallow dimples, this method is much more
sensitive to the ion beam modified surface than
indentation or scratch testing.

Microstructural analytical techniques (RBS,
RHEED and Raman Spectroscopy) have shown that
even after high dose implantation the diamond is
still single crystalline and has not undergone
polycrystallisation, graphitisation or
amorphisation due to the ion irradiation.

A7.8

THE EFFECT OF ION INDUCED DAMAGE ON THE MECHANICAL
PROPERTIES OF ZIRCONIA. E, L. Fleischer, T. L. Alford, P.
Borgesen, P. Revesz, J. W. Mayer, Materials Science and Engineering,
Cornell University, Ithaca, NY; W. Hertl, Corning Inc., Corning, NY.

Microhardness measurements were carried out on ion implanted single
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crystal Y203 stabilized cubic ZrO;. Ions were implanted up to fluences of
3x1017 ions/cm?2. Comparison of the Knoop microhardness values of ZrO,
implanted with various species over a range of fluences showed that the
principle variable causing hardness changes for inert ion implantation is
damage encrgy and not the ion fluence nor the ion species. For shallow inen
ion implants, the hardness versus damage energy gives a unified plot.
Hardnesses rise with increasing deposited damage energy 1o a value 15%
higher than that of unimplanted zirconia. With additional damage the
hardness drops to a value 15% lower than that of the unimplanted zirconia.
Deep implants showed similar behavior but with the hardness increasing
50% over that of the unimplanted samples.

Friction and wear measurements of the shallow implants in a pin-on-disk
assembly showed very different behavior for high dose versus unimplanted
750). The unimplanted samples showed debris with an associated rise in
friction. The implanted system showed much less debris and a constant
value of friction even after 10,000 cycles.

A7.9

THE FORMATION OF A SOLID LUBRICANT BORON NITRIDE IN BLC 8Y
ION IMPLANTATION AND LASER ANNEALING. Robert R. Reeber,
Ning Yu, Dept. of Physics & Astronomy, U. of North Carolina,
Chapel Hill, NC 27599-3255; Wei-Kan Chu, Texas Center for
Superconductivity and Dept. of Physics, U. of Houston,
Houston, TX 77204-5506; and Robert P. Kusy, Dental Research
Center, U. of North Carolina, Chapel Hill, NC 27599-7455.

A boron nitride (lubricant) thin layer (about 750 A) has
been formed at the surtace of a B,C substrate by imHantin
nitrogen ions at 100 keV with a total dose of 4xl0 Niem
followed by XeCl! laser annealing. The composition and the
profile of the carbon, boron and implanted nitrogen, in the
sample at various stages of our experiments were determined
by Rutherford Backscattering (RBS). During XeCl laser
annealing the deeply implanted nitrogen stoms diffusea back
to the surface and piled up there with about 502 of them
lost from the surface. XPS measurements, combined with Ar
sputtering, showed that a large amount of boron nitride
(more than 70X of the remaining nitrogen) formed near the
surface region after laser annealing.

A7.10

CRYSTALLIZATION OF INTRINSIC AMORPHOUS LAYERS
PRODUCED BY STOICHIOMETRIC IMPLANTATION OF Al
AND O IONS IN a-AXIS ORIENTED AlO; SINGLE
CRYSTALS. W. Zhou, D.X. Cao amd D.K. Sood,
Microelectronics and Materials Technology Centre, Royal
Melbourne Institute of Technology, 124 La Trobe Street,
Melbourne, Victoria, 3000, Australia.

Damage free a-axis oriented single crystals of a—Al,O3 were
implanted at liquid nitrogen temperature with a stoichiometric
implant (two parts Al to three parts oxygen with ion energies
adjusted to give the same projected range), to produce an
intrinsic amorphous phase (free of any impurities) of AlO;.
Implant conditions, identical to those employed by White et al
[1}, were used: Al ions at 90 keV to a dose of 4 x 1016 Al
ions/cm?, and O ions at 55 keV to a dose of 6 x 1016 O ions/cm?
to produce an amorphous layer approximately 130nm thick.
Isothermal annealing was conducted at temperatures of 600, 700,
800 and 900°C for up to 24 hours in flowing high purity dry argon
gas.  Rutherford backscat.tering and channeling (RBS-C) and
reflection high energy electron diffraction (RHEED) have been
employed to investigate the crystallization behaviour.

The amorphous phase transforms directly to o—Al203 at a well
defined planar interface which moves towards the free surface.
The interface velocity shows an Arrhenius behaviour with anneal
temperature. _An activation energy of about 0.7 eV has been
determined. These results are remarkably different from those
reported previously (1] for c—axis oriented Al;O3 substrates.
Substrate orientation will be shown to play a dominant role in
deciding the mode of crystallization as well as the kinetics of
transformation.

[1] C.W. White et al, Mat. Res. Soc. Symp. Proc. 60, 337 (1986).
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A8.1

AMORPHOUS TO CRYSTALLINE PHASE TRANSFORMATIONS
IN HIGH DOSE ION IMPLANTED SILICON

layer is shown to occur by a layer-by-layer mechanism with relatively sharp
interfacial transition regions. A wide region ahead of the buried amorphous
region extending to the surface is observed to be free of any extended
defects. Recrystallization of the damaged region during thermal annealing
occurs by solid-phase epitaxial growth at both interfaces. Results of
irradiation at liquid nitrogen temperature, on the other hand, show that
nucleation and growth of the amorphous damage occurs over a wide region
and is not confined to the interfacial region. This results in a very diffuse
upper interface composed of a mixture of amorphous and crystalline phases.
Substantial reordering is observed in this mixed-phase region at tempera-
tures well below those required for annealing of continuous amorphous
layers. Cross-sectional transmission electron microscopy, as well as
Rutherford backscattering spectroscopy were used in this study. Damage
nucleation/growth mechanisms at the two temperatures responsible for the
different damage morphologies are discussed. The detailed microstructure
of the damage is presented, and is related to its annealing behavior.

R.P. Thomton!, R.G. Elliman!, Y.H. Lil, A P. Pogany!,
E. Nygren? and LS, Williams'3

1. Microelectronics and Materials Technology Centre,
RMIT, Melbourne, 3000, Australia

2. Maserials Scimceundﬂng::aln , Ohio State
University, Columbus, Ohio, 43210, USA

3. Electronic Materials Enginecring, RSPhysS, ANU,
Canberra, 2600, Australia

The annealing of ion implanted amorphous silicon can result in varied and
complex crystallization behaviotr When the concentration of the impianted
species exceeds the equilibrium solid solubility limit in the crystalline

*Research sponsored by the Division of Materials Sciences, U.S.
Department of Energy under contract DE-ACO05-840R21400 with Martin

silicon phase. In this paper, we present and compare the crystallisation  Marietta Energy Systems, Inc.
behaviour for @ number of implanted low melting point pogg 0L, IV and
V impurities in silicon. A melt-mediated transformation from AB.4

to fine grain polycrystalline silicon is observed in preference to epitaxial
crystaliisation when the impurity concentration is high and the annealin,
temperature exceeds that of the elemental melting point of the implmwﬁ
species. At lower concentrations, competition between retarded epitaxial
growth and polycrystlline formation takes place. For high dose Sb, a
solid phase amorphous to polycrystalline wansformation occurs. The
activation kinetics of all of these have been measured and data
indicates that impurity diffusivity and solubility in amorphous silicon
strongly determine the nature and kinetics of both epitaxy and nucleation
and growth of polycrystalline silicon during annealing of high dose
implanted silicon.

GETTERING OF CU AT BURIED DAMAGE LAYERS MADE BY
S1 SELF IMPLANTATION LR, Liefting, R.J: Schreutelkamp, W.X.
Lu and F.W. Saris, FOM Institute for Atomic and Molecular Physics,
Kruislaan 407, 1098 SJ Amsterdam, The Netherlands

Channeled implants have been performed with 100keV 28Si+ into p-
type Si(100) to obtain a buried amorphous layer with a thickness of
1400A undemeath a crystalline toplayer of 600A . Full
recrystallization of this buried amorphous layer leads to a sharp
buried interface at the depth where the two moving
amorphous/crystalline interfaces meet.We have studied the gettering
of Cu ions before and after recrystallization of the buried amorphous
layer as a function of temperature and time.

A8.2

STRESS AND PLASTIC FLOW IN SILICON DURING
AMORPHIZATION BY ION-BOMBARDMENT. C. A. Volken,
AT&T Bell Laboratories, Murray Hill, NJ.

The stress in silicon wafers during ion-bombardment was determined
by wafer curvature measurements using an in-situ laser-scanning
technique. Measurements were made as a function of ion species
(noble gases and Si), energy (1-3 MeV), fiuence, flux, and sample
temperature (100-400K). In a typical experiment, compressive stress
was built-up in the bombarded region as & function of fluence, until
a maximum was reached at approximately the dose required for the
formation of a continuous buried amorphous layer. The magnitude
of this maximum compressive stress (20-100 MPa) depended
swongly on the flux. During further amorphization by continued
bombardment, the stress decreased and eventually stabilized. If ion
bombardment was interrupted during amorphization, a stress increase
was observed over a period of several minutes; the magnitude of this
change increased with the amount of damage in the silicon.

The Cu was implanted at an energy of 15 keV at a dose ranging from
5E13 to 1E15 /cm?2 to obtain a high concentration of Cu in the near
surface region. After the Cu implant annealings were performed at
490, 600 and 900°C for 10 min. to 18 hrs. Cu profiles before and
after annealing were studied with Rutherford Backscattering
Spectrometry and channeling analysis.

It is shown that, in case the Cu is implanted after recrystallization of
the buried amorphous layer, the Cu will getter at the sharp buried
interface. In case the Cu is implanted before recrystallization, the Cu
will diffuse from the surface towards the substrate regions and is
trapped inside the recrystallization buried amorphous layer. Full
recrystallization leads to a broader buried interface with a higher
amount of gettering of Cu ions.

A8.5
ANNEALING TEMPERATURE DEPENDENCE OF THE ELECTRICAL ACTIVITY

These changes in stress are interpreted in terms of ion beam induced
defect creation and motion. The initial build-up of compressive

stress is due to expansion of the bombarded region by the creation
of defects and amorphous material. The subsequent relaxation is
attributed to plastic flow under the ion beam. The stress increase
that occurs when ion-bombardment is interrupted, may be due to
redistribution of defects.

A8.3

STRUCTURAL CHARACTERIZATION OF DAMAGE IN
Si(100) PRODUCED BY MeV Si+-ION IMPLANTATION AND
ANNEALING.* M, K. El-Ghor, O. W. Holland, C. W. White, and
S. J. Pennycook, Oak Ridge National Laboratory, Oak Ridge, TN 37831.

Differences in the damage produced by implantation of MeV Si* ions in
silicon single crystals at room temperature and liquid nitrogen temperature
are discussed. Damage morphology is characterized soructurally both in the
as-implanted condition and after post-implantation furnace annealing.
During room temperature irradiation, & buried amorphous layer is formed
near the end-of-range of the ions at moderate doses. The growth of this

OF HIGH-DOSE Sb ION IMPLANTS IN (100) SILICON. S.N. KUMAR,
G. CHAUSSENY, A. LAUGIER, Laboratoire de Physique de la
Matidre, CNRS-358, I.N.S.A. Lyon, 69621 Villeurbanne; and
M. CHARBONNIER, M. ROMAND, Laboratoire de Chimie Appliquée,
CNRS-417 and B, CANUT, Laboratoire de Physique des Matér-
iaux,Université Claude Bernard, 69622 Villeurbanne, France.

The systematics of electrical activation by rapid thermal
annealing (RTA) of the 40-120 keV sp* implants in (100) B-
doped silicon is sepor d. A series of Sb* implants (from
2x1014 to 1.2x101° / ca®) were rapidly annealed for 10 s
over a range of temperature, from 500 to 1100 °C, to study
the implant behavior as a function of anneal temperature.
The RBS and channeling data showed that, irrespective of
the ion dose, the maximum fraction of Sb that can be subs-
titutionally incorporated was achieved for RTA at 700 °C.
The compositional depth profiles were obtained from XPS
and SINS analysis, and additional information about the
chemical bonding between the Si, Sb and O atoms in the
surface region was extracted from the angle-resolved X-ray




- v

photoelectron spectroscopy (ARXPS) data.

Significant differences in the surface region composition
between the Sb implants and the previously reported As
inplantsl are observed. The Sb 34 /2 line shape was well
defined and line widths considerab?y smaller for the 700°C
anneal when compared with those for the higher temperature
anneals. The RBS, SIMS and ARXPS compositional data will
be compared with the electrical characteristics of the MOS
structures built on these samples.

(1) S.N. Kumar, G. Chaussemy, B. Canut and A. Laugier,
Appl. Phys. Lett. 53, 2167 (1988); Appl. Surf. Sc. 36
545 (1989); S.N. Kumar, G. Chaussemy, P.Roura and
A. Laugier, MRS Proc. 138 (1989).

A8.6

ANNEALING BEHAVIOUR OF BURIED AMORPHOUS LAYERS
FORMED BY MEV 115IN+ IMPLANTATION IN SI(100); R.I,
Schreutelkamp!, J.R. Liefting!, W.X. Lul.2, B.X. Zhang2, Z.L. Wang?
and F.W. Saris];1-FOM Institute for Atomic and Molecular Physics,
Kruislaan 407, 1098 SJ Amsterdam, The Netherlands;2-Beijing Normal
University, Beijing 100875, P.R. China

We have studied the annealing behaviour of buried amorphous layers
formed by MeV ion implantation. In high (Mch energy ion implantation a
buried amorphous layer may be formed in silicon for a dose as low as
1014/cm2. In general, a complex dislocation network is created when the
buried amorphous layer is annealed. Such a defect layer seems to have a
remarkably high thermal stability. The formation of a highly defected region
close to the dopant profile may severely limit the formation of high quality
heavily doped n* or p* layers in silicon.

In this paper we investigate the role of the dopant species on the formation
of secondary defects during annealing of a buried amorphous layer in
silicon. The buried amorphous layers were formed by 1.0 MeV 115[n+
implantations in Si(100) with a dose of 1014/cm2. By applying both TEM
and RBS analysis the formation of secondary defects and precipitation of
dopant atoms has been accurately determined as function of annealing
temperaturs and time. A comparison is made with the annealing behaviour
of buried amorphous layers formed by other dopants, like phosphorus, to
account for the dependence on dopant species.

A8.7

KINETICS AND MICROSTRUCTURE OF TRANSIENTLY ANNEALED
IMPLANTED POLYCRYSTALLINE SILICON LAYERS. J.M. .G,
P.J. Timans, R.A. McMahon and H. Ahmed,
University Microelectronics Research
Laboratory, 8cience Park, Cambridge CB4 4FM, UK; C.
Hill, P.D. Augustus and D.R. Boys, Plessey Research,
Caswell, NWorthants NN12 SEQ, UK.

England,
Cambridge

Microstructural changes occuring during the early stages
of rapid thermal annealing of arsenic-implanted
polysilicon bipolar emitters crucially affect the final
dopant distribution! and hence device performance. The
first stage Of annealing is solid phase epitaxial
regrowth (SPE) of the amorphised layer. In-situ studies
using time resolved reflectivity, combined with XTEM of
partly annealed structures, have bsen used to determine
the effects of initial grain sisze (100A-es), amorphising
species (81 or As), and temperature (600-850°C).
Llectron beam heating with high ramp rates (1600°C/s)
was used to regrow specimens at constant temperature for
times between 0.2 and 2000s.

The initial regrowth rate in polysilicon layers which
had been pre-annealed at 1250°C to give complete
epitaxial realignment to the (100) silicon substrate was
5x1016exp (-2.712.05¢V/kT) A/s. This is within 108 of
the rate measured on similarly implanted (100)
substrates, showing that impurities in the polysiliocon

were not significant. The rate fell as the initial
grain size was decreased, being ~20 times slower for
100A grains at 620°C. All the polysilicon specimens
showed much slower regrowth in the final stages. XTEM
revealed that regrowth is non-planar, and that the lower
rates are related to SPE from non-(100) oriented
regions, either grains or twins. Quantitative data will
be presented for both silicon and arsenic implants.

(1) A.G.O'Neill, C.Eill, J.Xing, C.Please,
J. Appl. Phys. 64(1) 167 (1988)

A8.8

COMPARISON OF THE EFFECTS OF N-TYPE AND P-TYPE
HYDROGENIC IMPURITY CONCENTRATIONS ON THE SOLID
PHASE EPITAXIAL GROWTH OF AMORPHOUS SILICON. Young-Jin
Jeon, Center for Materials Science and Engineering; Won-Woo Park, Dept.
of Electrical and Computer Engineering; M. F. Becker, t. of Electrical
and Computer Engineering; and Dept. of Electrical and
Computer Engineering, The University of Texas, Austin, TX. 78712.

The solid phase epitaxial growth (SPEG) rates of self-ion amorphized layers
in silicon wafers with <100> substrate orientation were measured previously
by in situ, high precision, isothermal cw laser interferometry for
temperatures from 450°C to §90°C, and concentrations in the range 5x1018
cm3<N<3~4x1020 cm-3 for boron, phosphorous, and arsenic impurities.

At low impurity concentrations (N<4x10'9 cm'3), the SPEG rate increased
linearly with impurity concentration and satisfied the equation; V/V;=1+N/N;
where N=B, P, or As concentrations, V;(T) is the intnnsic growth rate and
Ni(T) is a temperature dependent quantity obtained from an activation plot of
the intersections of the regrowth data with the concentration axis. To within
experimental error, the activation energies and pre-exponential terms of the
Nj's for the three impurities were found to be identical. This clearly supports
the view that impurity enhanced SPEG is a purely electronic effect.
Surprisingly, this result also indicates that one-electron and one-hole effects
on SPEG are .10t distinguishable for low values of N.

The SPEG rate varied quadratically with higher concentrations of (4x1019
em3<N< ~5x1020 cm-3) of the three impurities. The curvatures of the (V/V;)
vs (N/N;) curves were also nearly the same, but that obtained for the acceptor
(B) had the opposite sign of that obtained for the donors(P, As).

We interpret the result to indicate that processes associated with localized
hole (electron) pairing, respectively accelerate (decelerate) the SPEG rate.

A8.9
COMPARISON OF MeV AND keV ION DAMAGE IN GaAs

S.T. Johnson!, 1.S. Williams!2 and R.G. Elliman!

1. Microclectronics and Materials Technology
Centre, RMIT, Melbourne, 3000, Australia

2. Electronic Materials Engineering, RSPhysS,
ANU, Canberra, 2601, Australia

The resultant damage to GaAs from .n bombardment depends on the
competition between defect ucti s and dynamic (defect) anncaling.
Implantation parameters which have the dominant influence on damage
productior. are ion mass, energy and dose. These give the deposited
energy dessity about ion tracks and the integrated energy deposition.
Additional parameters which influence dynamic annealing processes are
ion dose rate and substrate temperature during implantation. In this
papes, the marre and extent of MeV and keV ion damage in GaAs are

as a function of jon mass, dose rate and temperature, using time
resofved reSectivity, ion channeling and transmission electron microscopy
techniques. In particular, the threshold conditions for amorphous phase
production are measured and compared with various models.

A8.10

IN SITU CRYSTALLIZATION STUDY OF Kr ION AMORPHIZED Ge
BY THERMAL ANNEALING WITH TEM* Lu-Min Wang, Robert C.
Birtcher and Lynn E. Rehn, Materials Science Division, Argonne National
Laboratory, Argonne, IL 60439

The structural and morphological changes of Ge under 1.5 MeV Kr* ion
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irradiation at room temperawre have been studied by in situ TEM.
Amorphization in Ge was detectable after a Kr* dose of 8.5x1012 ions/cm?,
and was achieved afier 1.2x10'4 jons/cm?. A high density of small void-
like cavities, observed in the amorphous phase after 7x10'4 ions/cm2, grew
into large holes transforming the irradiated Ge into a sponge-like porous
material at a dose of 8.5x1013 ions/cm2.

In this study, thermal anncaling of 1.5 MeV Kr* ion amorphized Ge was
carricd out with TEM. Effects of ion dose and the morphology of the
amorphous phase on crystallization have been studied. The variation of the
temperature at which crystallization is complete, Tcyy, has been found 1o
have three Kr* dose regimes. In the partially amorphized Ge, Tcyy increased
with ion dose from 225°C to 400°C at 1.2x10!¢ jons/cm2, where
amorphization was complete. Between 1.2x10'4ions/cm? and 1x1015
ions/cm?, Tcry was constant within experimental uncertainty. In the third
dose regime where large cavitics have formed, Tcyy increased with ion dose.
The sponge-like structure did not crystallize until the temperature reached
600°C. During annealing, the small cavities (3-10 nm in diameter) in the
samples irradiated 1o 0.7-3x10!5 jons/cm? were expelled by the crystal
growth front, and they coalesced into a few large holes. However, the
sponge-like structure of the samples irradiated to higher doses (2 8.5x1013
ions/cm?) remained nearly unchanged after crystallization. The kinetics of
crystallization in the three different dose regimes will be discussed.

*Work supported by the U.S. Department of Energy, BES-Materials
Sciences, under Contract W-31-109-Eng-38.

A8.11

ION IMPLANT ACTIVATION AND REDISTRIBUTION IN
Al;Gayj_,As. S. J. Pearton, W, S. Hobson and A. E. Von Neida,
AT&T Bell Laboratories, Murray Hill, NJ; N. M. Haegel, UCLA,
Los Angeles, CA; K. S. Jones, University of Florida, Gainesville,
FL; N. Morris and B. J. Sealy, University of Surrey, UK.

The electrical activation characteristics of implanted Be, Mg,
Si and S in Al;Ga;_xAs (x=0-1) were investgated as a
function of ion dose for rapid annealing in the range 600-950°C.
The apparent activation energy for electrical activity of these
species increases with increasing AlAs mole fraction. For Be this
activation energy is 0.35eV for GaAs and 049eV for
AlgsqGagasAs. Self-compensation is the predominant limiting
mechanism for Si activation, as determined by the relative PL
intensities of the Sig,-t0-Siss related transitions. No significant
redistribution of implanted Si is observed for any AlAs mole
fracton for RTA up to 900°C (5 sec) whereas S shows motion
into the AlGaAs and no tendency to outdiffuse. By contrast, both
Be and Mg display loss of the dopant to the surface and little
redistribution toward the bulk. Minimal damage is observed by
TEM in as-implanted AlGaAs for Be or Si doses below the
amorphization threshold.

AB.12

DOPANT SITE LOCATION IN DUAL-IMPLANTED GaP USING
DEPTH OSCILLATIONS OF {111} PLANAR CHANNELING TECH-
NIQUE N.R Pariku. C. T Kao,D R. Lee, J. Muse, M. L. Swan-
son, Dept. of Physics and Astronomy, University of North Carolina,
Chapel Hill, NC 27599-3255; and T. E Haynes, Oak Ridge National
Laboratory, Oak Ridge, TN 37831-6048."

Previous studies have indicated that dual implantation can efficiently
introduce group IV dopants onto selected sublatiice sites and enhance
electrical activation in 1.V compound semiconductors. We have stud-
1ed this phenomenon using Rutherford backscatiering spectrometry to
determine the lattice locatinn of as-implanted Sn atoms in GaP. \We
used single crystals of GaP(100) which had been dual-implanted with
'"Sn* following pre-implantation of either ®Ga* or 3'P+ at 400°C. En-
ergies were selected for equivalent projected ranges, and all species were
implanted with doses of 1+10'® jons/cm?. The asymmetry in the angu-
lar dependence of the backscattering vield depth oscillations near the
{111} planar channel was used to determine the sublattice site for the
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implanted Sn. Preliminary results have suggesied that the as-implanted
Sn is predominantly on substitutional Ga sites after pre-implantation
of either, Ga or P.

! Research sponsored by the Division of Materials Sciences, U.S. De-
partment of Energy under contract DE-AC05-840R21400 with Mar-
tin Marietta Energy Systems, Inc.

A9.1

IN-SITU STUDY OF KADIATION DAMAGE IN V.0, INDUCED BRY
LOW ENERGY ELECTRONS, Hanjie Fan, Rebecca A:,
Laurence D. Marks, Department of Materials Sciernce
and Engineering, Northwestern University, Evanst:or,

ar.a

I1 60208
Radiation damage induced by low energy, low flux
electrons has been studied by UKHV-HREM. It is

observed that irradiation by a 100eV electron beam
at a flux of 10pA for about 15min. induced changes
only in the surface layer with a thickness that
correlates to the electron mean free path. The
surface damage follows the reduction route of,
crystalline V,0, ---> amorphous, coupled with an
ordered structure of oxygen vacancies. It is found
that under irradiation of a 3keV electron beam at
a flux of SO0pA for about 30min., the V%0, surface
transformed into a crystalline V,0,, phase. These
observations suggest that desorption of oxygen from
the surface and diffusion of oxygen to the surface
from the bulk are two competing processes. Under
low energy, low flux electron irradiation, oxygens
desorb from the surface with a substantial faster
rate than oxygens diffuse to the surface from the
bulk, resulting a highly defect-containing surface
which collapses into an amorphous phase. However,
these two processes take place at a compatible rate
under higher energy, higher flux electron
irradiation, allowing formations of critical V.0,
nuclei which will grow upon further irradiation.

A9.2

As AND B ION IMPLANTATION THROUGH Mo AND
INTO Mo-SILICIDE LAYERS FOR SHALLOW JUNCTION
FORMATION. R.Angelucci, M.Merli, S.Solmi, A.Armigliato,
R.Fabbri, E.Gabilli, and A.Poggi, CNR - Istituto LAMEL, Via
Castagnoli 1, 40126 Bologna, Italy

Dogant ion implantation through refractory metal (ITM) films
and implantation in silicide layers have been investigated as a
viable approach to shallow junctions formation for VLSI
applications.

As and B have been implanted t.hroufh 40 nm e-gun evaporated
Mo and into 100 nm thick MoSi2 layer, obtained by RTA at
700°C, 60 s in nitrogen, to fabricate n*/p and p*/n circular
diodes and test pattern for conctact resistivity measurements.
Post implantation annealing at 1000°C, 10 s and 1100°C, 2 s
complete the fabrication process.

Measurements performed on diodes show a sensitivity of the
junction characteristics to the fabrication process. In particular,
the lowest values of leakage current, of the order of 1 nA/cm? at
-1 V, are obtained for the implantation into silicide. Dopant
distribution, measured by S , and carrier concentration
profiles, determined by incremental sheet resistance and Hall
effect measurements, show a junction depth and a sheet
resistivity of 130 nm and 26 /o for As and 170 nm and 30 Qe
for B after RTA at 1000°C, 10 s. No significant differences can
be observed from the above mentioned carrier and dopant
profiles for the two different junction formation procedures. The
worst reverse current values for the ITM technology could be
related to a different generation and evolution of the
implantation damage. Electron microscopy observations and

N
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Double crystal X- analysis are in
residual and leakage cu

mea; Deep Level Tranment Spectroscopy.

A9.3

CHARACTERIZATION OF N AND B IMPLANTED FUSED SILICA.
G.W. Arnold and R.K. Brow, Sandia National
Laboratories, Albuquerque, NM.

The formation of waveguides in glass by f{fon
implantation is an attractive means for processing
optical information in devices made by hybrid
optoelectronic planar technology. Implanted species
which are incorporated into the glass structure, such
as B and N, result in greater index changes than sre
possible for ions producing changes through damage
(compaction) alone. We have applied ion-beam analysis
and XPS to the compositional and chemical
characterization of 50 keV 1 x 1017 B and N/cm?
implants into fused silica and have found clear
evidence (XPS) for the formation of B203 and Si-
oxynitride. The N implanted samples exhibit two XPS
peaks with -~50% of the N having a higher binding
energy--which may be characteristic of unreacted
N--than that for the SiOxN, peak. An implant of 1 x
1017 95 keV Si/em? or 1 x 1017 120 keV Ar/ca?
eliminates the unreacted N pesk and results in a single
Si-oxynitride distribution which has a much greater N
intensity than that for the combined original 2-peak
distribution. Changes in the Si2p spectra are
consjsrent with the formation of an oxynitride layer.
Ihis result suggests that N precipitates formed at high
ion fluences may be easily and efficiently incorporated
into the modified glass structure and has important
technological implications for the use of ion-
implantation for optoelectronic purposes.

This work performed at Sandia National Laboratories
supported by the U.S. Department of Energy under
contract number DE-ACO04-76DP00789.

A9.4

Excimer Laser Induced Cvgullization of Amorphous Silicon Near
Threshold . R.Z. Bachrach, K. Winer, ).B. Boyce, F. Ponce, S. E.
Ready, R. |. Johnson, and G.B. Anderson, Xerox Palo Alto
Research Center, 3333 Coyote Hill Road, Palo Alto Ca., 94304.

Experiments have revealed the near-threshold crystallization
behavior of excimer laser irradiated thin lmo{ggsm silicon films
deposited by plasma CVD (a-Si:H) and by D (a-5i). The
intense, pu UV produced by the laser is highly absorbed by
the thin am material. TEM results indicate that
crystallites nucleate in the surface region and X-ray analysis
shows that the crystallites are randomtly oriented. Followin
laser irradiation llites are prod whose structure a
electrical characte vary lccordinnto starting material and
laser scan parameters, riments relating crystallite grain size
to other rties and characterizing crystallized films
using x-ray diffraction, Raman scattering, TEM, transport and
other measurements will be described. Investigation of grain
growth in crystallized a-Si:H and &-Si has shown the iC
crystallization process exhibits a sharp threshold and increases as
the square root of the laser energy density above threshold.
Poor control of the laser beam can mask the threshold
phenomena. Various ¢wmldcnm on material parameters such
as doping and implanted Si concentration were also determined.
rogen is released from the film at a lower laser energy
density than the onset of crystallization. Associsted with the
onset of crysualiization is a sharp conduct activation
threshold phenomenon. TEM studies have iden that the
threshold behavior of the crystallization process results in
spatially abrupt interfaces between crystalline and amorphous

material. Transient conducﬁ:ly and obsonzﬂon experiments
lmmtiqt:gng the kinetics crystaliization w!lfp:ko be
presented.

progress to correlate
e e oo bl s ioced by the fabreation peomc, o
e deep levels, introdu e cation process, is
being sundg

37

AQ .~

ELECTRON BEAM INDUCED RADIATION DAMAGE IN SUPERCONDUCTORS,
S Basu. T.Roy, T.E.Michell and M. Nastasi; Los Alamos National
Laboratory, Los Alameos, NM 87545,

High temperature superconductors can be subjected to high energy
radiation in certain potential applications. It has been demonstrated
that electron beam radiation of superconducting samples in a
transmission electron microscope can displace oxygen atoms in the
lattice. This causes disordering of vacancies in the oxygen sublattice,
leading to the orthorhombic to tetragonal transformation. This
disordering can be monitored by changes in the b/a ratio. in some cases,
prolonged radiation in the electron microscope has been known 1o cause
oxygen loss and subsequent reordering of the Cu-O planes. In this study,
the interaction of an electron beam with YBaaCu3O7 has been
investigated as a function of electron energy, beam current, irradiation
time and sample temperature.

A9.6

DUAL IMPLANTATION OF Ti AND C [INTO SINTERED o&-SiC AND
HOT PRESSED 513N4.* R. S. Bhattacharva, A. K. Rai,
and D. Patrizio, Universal Energy Systems, Inc., 4401
Dayton-Xenia Road, Dayton, OH.

lon implantation can be used to modify the near surface
properties such as friction, wear, surface hardness and
toughness of structural ceramics. Sintered o-5SiC and
hot pressed SijNg are known to amorphize under ijon
implantation resulting in softening of the surface layer.
Thus, for improving surface hardness, toughness, friction
and wear properties of these ceramics, dual implantations
of appropriate elements are necessary to form hard second
phases upon annealing induced recrystallization of the
amorphous layer and chemical interaction of the implanted
species. Dual implantations of Ti* and C* at energies
of 175 kev and 50 keV respectively and at a dose of
1x10'7 cm~2 for each species have been performed into
both SiC and SigNg substrates. The implanted samples
were annealed at 1200°C for 2 hours in high vacuum
(~1x10-6 torr) by placing them in Ta box. Rutherford
backscattering analysis showed that no oxidation occurred
during annealing and Ti diffused outward toward the
surface in both SiC and SigNg.  Cross section TEM

analysis revealed the formation of TiC precipitates in
both SiC and SigNg. A comparison of these results

with that of single Ti implantation will be presented.

* This work was supported by the DOE, ECUT under Contract
DE-AC05-B40R21400 with Martin Marietta Energy
Systems, Inc.

A9.7

X-RAY AND RAMAN TOPOGRAPHIC STUDIES OF Si-ION
IMPLANTED, PULSED-LASER-ANNEALED GaAs. R.C.
Bowman, Jr, P. Adams, ].T. Knudsen, Aerospace Corp., Los
Angeles, CA, H.D. Yao* and A.D. Compaan, University of
Toledo, Toledo, OH.

The lattice reconstruction of pulsed laser annealed, Si-ion
implanted GaAs has been studied by both x-ray double crystal
topography and Raman topography. The x-ray rocking
curves show, for an implant dose of 2X10"/cm?, a maximum
implantation-induced lattice dilation of 0.38%. At the center
of the laser annealed spot for a pulse energy typically of 0.6
J/cm?, the lattice strain is almost completely removed.
However, concentric bands of reduced strain or a tilted lattice
are observed surrounding the central annealed area. These
characteristic bands are observed in regions where the fulsed
laser energy density is in the range of 0.1-0.2 J/em®. The
Raman topographs were obtained by raster scanning the
sample with the spectrometer fixed at either the TO phonon
frequency, LO frequency, or the amorphous band.
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Correlation of the Raman results with the x-ray topographs
~how that the concentric bands correspond to the region in
which some melting has occurred but epitaxial regrowth has
not occurred since the melt front has not penetrated to the
undamaged substrate. Further results obtained on higher
dose Si implants up to 5X10'>/cm? will also be discussed.

* Present address: Center for Microelectronic and Optical
Materials Research, University of Nebraska, Lincoln, NE.

A9.8

SURFACE REACTIONS OF NiO AND CoO IN THE ELECTRON
MICROSCOPE ENVIRONMENT. Mary |. and L. D. Marks,
Department of Materials Science and Engineering, Northwestern
University, Evanston, IL 60208.

NiO and CoO surfaces react to form their respective NizO4 and
Co304 spinel phases during irradiation in the electron microscope
at a vacuum level of 10-7 Torr, but not at 10-10 Torr. Spine!
formation occurring on {001}, (110), and (111) profile surfaces of
NiO and CoO have been examined in detail by through-focal
series comparison of HREM experimental images with multisiice
image calculations. NiO surfaces tend to form (111) facets when
exposed to the electron beam. Spinel formation is observed to
nucleate preferentially at faceted (111) surfaces and at surface
defects. Propagation into the bulk foliows diffusion-controlled
behavior. Once formed, Ni3Q4 (001) and (110) surtaces appear to
be stable in the electron beam. In contrast, the NizO4 (111)
surtace is seen to undergo dynamic reaction which reverts the
surface 1 to 2 monolayers back to NiO. Ni3O4 spinel formation is
reversible; the original NiO structure reappears with the beam
removed. In CoO, faceting is not observed during electron irradia-
tion. The spinel phase nucleates uniformly on alt exposed (001),
(110), and (111) surfaces. Unlike the case for NiO, Co304 spinel
tormation from CoO is irreversible.

In both cases, the surface-initiated formation of spinel phase
appears to be a direct result of interaction between the sample
a2 apd adsorbed species from the microscope environment. It
1s also strongly dependent on the incident electron flux, but not
energy, which suggests an electron-stimulated reaction
mechanism.

A9.9

SUBNANOSECOND TIME-RESOLVED ELECTRON
DIFFRACTION FROM THIN CRYSTALLINE GOLD

FILMS. Hsiu-Cheng Chen,* Gerard Mourou,t and Robert

Knox,* Laboratory for Laser Energetics, University of
Rochester, 250 East River Road, Rochester, New York
14623-1299

A 100-ps and 25.5-keV electron pulse was used to probe a
25-nm thick gold single crystal irradiated by a synchronized
infrared optical pulse. The time-resolved changes in
electron diffraction intensity following laser heating were
interpreted in terms of temperature changes on a
subnanosecond scale. An observed oscillatory behavior is
believed to arise from the relaxation of a crystal lattice
distortion in the surface region associated with surface
plasmon generation. The relaxation of the surface layers of
atoms appears to give rise to an oscillation in time of the
scattered electron intensity. A preliminary theoretical
interpretation is given using a modified Debye-Waller
method.

*Also at: Department of Physics and Astronomy, University of
Rochester, Rochester, New York 14627-0011.

*Present address: Department of Electrical Engineering and Computer

Science(EECS), University of Michigan, Room 1116A, 1301 Beal
Avenue, Ann Arbor, Michigan 48109-2122,

Acknowledgement: This work was supported by the Sponsors of the
{.acn Fusion Feasibility Project at the Laboratory for Laser Energetics.
This work was also supported by the U.S. Air Force under contract
F49620-87-C-0016.

A9.10

IRRADIATION INIUCED METASTAELE PHASE FORMATION

IN AMORPHOUS THIN FIIMS DEPOSITED BY MAGNETRON

COSPUTTERING. Qing-Ming Chen, Huazhong University

of Science and Technology, han, China; Yu-Dian

g;xix and Heng-De Li, Teinghua University, Beijing,
na.

Irradiation induced metastable phases in the
amorphous thin Al-Fe, Al-N{ and Al-Co films have
been studied in detail. The amorphous thin films
were deposited by magnetron cosputtering onto the
substrates which were kept at the liquid-nitrogen
temperature. The composition of the samples in a
total length of 200 mm apans <the whole range of
each binary phase diagram. The compositions and
structures of the as-deposited thin films were
determined by Rutherford backscattering analysis
and by transmission electron microscopy. Then the
amorphization range of each system was confirmed.

The amorphous samples of these three systems were
irradiated with 300 keV Xenon ions to some foyr
doses with the ion flux being less than 1uA/cm€.
After irradiation, all the samples were examined
by transmission electron microscopy to detect the
ion induced structures, The electron diffraction
patterns of some irradjated samples revealed that
crystalline structural phase +transition took
Place in the samples and some non-equilibrium
phases have been formed.

Finally, some phenomena in the structural

phase
transjition have been discussed.

A9.11

CONDENSATION OF ULTRAFINE SILICA FROM A LASER-
INDUCLED PLUME, Gan-Moog Chow* and Peter R. Strutt, U-136
Institute of Materials Science, the University of Connecticut, Storrs, CT
06269.

A study of rapid condensation of silica from a plume produced by the
interaction of a continuous-wave carbon dioxide laser beam with a ceramic
target is presented. This process occurred in a reactive mixture gas
environment (98.5% hydrogen, 1.5% methane). A heated tungsten filament
was also placed in the proximity of the laser beam - material interaction
zone. Silica deposited on a Ni alloy substrate exhibited different metastable
morphologies, namely, nanometer-size amorphous fibers or linear-chain
shape aggregates. There appeared to be a correlation between the
morphology of the deposits and the position of the heated tungsten filament.
When the tungsten filament was absent, silica was deposited in the form of
clusters. In this case, depending on the beam-ceramic target interaction
times, there was a shift in the Si-O stretching vibration characteristics.
Sintering of these deposits was also observed at a hotter region on the
substrate surface. It is proposed that chemical vapor transport reactions
involving the heated tungsten filament affected the final morphology of the
condensed silica. Mechanisms controlling the agglomeration of condensed
silica are also discussed. Characterization techniques involved FTIR, X-ray
diffraction, Auger and microprobe analysis, EDX and WDX analysis, SEM
and TEM.

¢ Currently at Composites and Ceramics Branch, Code 6371, Naval Research Laborstory,
Washington, D.C. 20378.
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A9.12

LASER VAPORIZATION AND DEPOSITION OF LEAD
ZIRCONATE TITANATE. Peter K. Schenck, Lawrence P. Cook,
Jiarong Zhao', John W. Hastie, Edward N. Farabaugh, Chwan-Kang
Chiang and Mark D. Vaudin, National Institute of Standards and
Technology, Gaithersburg, MD; and Philip S. Brody, Harry Diamond
Laboratories, Adelphi, MD.

Laser induced vaporization of ceramic and refractory materials
shows promise as a technique for the depasition of thin films of
these materials. Critical to the utility of this technique is an
understanding of the laser material interaction, plume formation and
dynamics, material transport and how variations in the vaporization
conditions effect the deposited film. Lead zirconate titanate (PZT,
Zr/Ti~50/50) targets were irradiated using & g-switched NdYAG
laser (10ns, 100mJ at 1.064 uym). The deposition chamber was
maintained at a pressure of 100 mTorr oxygen. Material from the
plume was collected on single-crystal MgO substrates, suspended 1.0
- 2.0 cm above the target. The as-deposited films are being
characterized by SEM/EDX, TEM, ESCA, x-ray diffraction and
electrical measurements prior to and after annealing,

Temporally and spatially resolved spectra of the light emitted by the
laser-generated plume were obtained with an optical multichannel
analyzer (OMA) to yield information on the ‘plume generation and
chemistry of the deposition process. These spectra indicate that
under these conditions a plasma is created above the target surface
which persists for ~100 ns after the laser pulse.

1 Guest Scientist, Chinese Academy of Science, Beijing, Peoples
Republic of China.

A9.13

PHOSPHORUS IMPLANTATION OF 304L STAINLESS STEEL. E.
C. Cooney and D. 1. Potter, Metallurgy Department, School of Engi-
neering, Institute of Materials Science, The University of Connccticut,
Storrs, CT. USA 06269-3136; N. L. Lee and G. B. Fisher, Physical
Chemistry Department, General Motors Rescarch Laboratories, Warren,
M1, USA 48090-9055.

Electropolished 304L stainless steel specimens were implanted near room
temperature  with 175 keV  phosphorus ions to fluences from
0.24 x 10'7 P*+/cm? to 4.0 x 10'? P¥/cm?. Microstructural characterization
of the samples with an analytical electron microscope revealed an FCC
to BCC transformation at fluences near 1.0 x 101 P+jem?, followed by
amorphous phase formation at 3.5 x 10'? P+/cm?. Precipitation of a
hexagonal phase, indexed as Fe,P, from the amorphous matrix occurred
at fluences of 3.75 x 10'7 P+/cm?. Anodic polarization measurements
performed on specimens implanted 1o 3.5 x 10V P+/cm? to generate
amorphous phase showed no significant decrease in the critical anodic
current density as compared to unimplanted 304L stainless steel. How-
ever, pitting corrosion was not seen on implanted specimens, Whereas
unimplanted specimens showed extensive pitting attack.

A9.14

DENSITY OF AMORPHIZED SILICON AND ITS CORRELATION
WITH STRUCTURE. J.S. Custer and Michael O. Thompson, Comell
University, Ithaca, NY; J. M. Poate and D. C. Jacobson, AT&T Bell
Laboratories, Musray Hill, NJ; S.Roorda and W.C. Sinke, FOM
Insitute for Atomic and Molecular Physics, Amsterdam, The
Netherlands; and F. Spaepen, Harvard University, Cambridge, MA.

The inminsic density of amorphous Si (a-Si) is an important physical
parameter, There is, however, a considerable spread in the density
measurements with values ranging from 2-11% less dense than that of
crysulline Si (c-Si). Moreover, there are computer simulations which
indicate that a-Si should be denser than c-Si. To measure the intrinsic
density it is essential that the a-Si layers be impurity and void free. We
have achieved this using high energy Si implantation in Si.

Thick amorphous Si layers are created by muldple energy MeV Si self-

implanation using contact masks, resulting in sharp lateral amorphous-
crystal boundaries. For thick Si substrates, the lateral dimensions are
constrained and the majority of the density difference between the rwo
phases is manifested as a surface step that can be measured using 2
surface profiler. These measurements indicate that as-implanted 2-8i is
2% less dense than ¢-Si. Thermal anneals which lead to relaxaton of
the a-Si, but no measurable regrowth, result in a 10% decrease of the
surface step heights. Once this initial decrease is over, the step heights
scale linearly with a.Si thickness as the layer is regrown by solid phase
epitaxy. Comparisons of these density changes with models, and the
effects of post-relaxation ion irradiation will also be discussed.

A9.15

NOBLE GAS ION IMPLANTATIONS IN LASER TREATED
MATERIALS ]. Th. M. De Hosson, Dept. of Applied Physics,
Materials Science Centre, Nijenborgh 18,9747 AG Groningen, The
Netherlands.

Despite the advantages of laser processing for the production of
wear resistant materials, laser surface melting results in tensile
stresses because the melted layer shrinks during resolidification.
These tensile stresses may lead to severe cracking of the material
and to deleterious effects on the wear behaviour. Our basic idea
presented in this paper is to convert the high tensile stresses in the
laser melted surface into a compressive state after implantation.
When pressurized bubbles of implanted ions are nucleated in the
surface layer, one can imagine that the corresponding compressive
stress field may annihilate the tensile stress field of the laser melted
materials. Furthermore, the surface layer might also be streng-
thened during wear, due to the interaction between moving
dislocations and the bubbles. Results are presented of He and Ne
implantations into laser treated materials.

A9.16

FEMTOSECOND LASER MELTING OF GRAPHITE. D. H. Reitze,
X. Wang, H, Ahn, and M. C. Downer, Physics Department, University
of Texas at Austin, Austin, TX.

We report on the results of time-resolved reflectivity measurements on
highly oriented pyrolytic graphite (HOPG) using 90 fs., 620 nm. pulses.
In contrast to earlier picosecond melting experiments!, we observe a
large increase in reflectivity when the excitation pulse exceeds the
critical fluence for melting (Fi,=0.13 Jjem2), suggestive of a liquid

metallic phasez, followed by a dramatic decrease in refiectivity caused
by material ablation on the sample surface.

Differential reflectivity measurements on HOPG were performed over 2
wide range of excitation fluences. At excitation levels below Fpy,, the
reflectivity decreases slightly initially and rapidly recovers in < 1 ps.
When the critical fluence is reached, however, the initial reflectivity
change is large and positive. For pump fluences slightly above Fp,, the
initial positive reflectivity phase persists for ~10 ps., crosses below the
background value, and decreases to a8 small fraction of the background
value at ~ 40 ps. As the pump fluence is increased, the crossing point
occurs at earlier times, caused by the rapid ablation of surface material
which obscures the surface.

Additional time-resolved experiments using a probe wavelength of 310
nm. as well as 620 nm probes with s and p polarizations were
performed in order to elucidate the natures of the molten surface and the
ablation clond. Results of these measurements will be presented.

1. A. M. Malvezzi, N. Bloembergen, and C. Y. Huang, Phys. Rev. Let.
37, 146, (1986).

2. ]. Heremans, C. H. Ok, G. L. Eesley, J. Steinbeck, and G.
Dresselhaus, Phys. Rev. Lett. §0, 452, (1988).
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A9.17

FORMATION OF DEFECT-FREE SHALLOW JUNCTIONS BY
LOW-.TEMPERATURE RAPID THERMAL ANNEALING.*
M. K| El-Ghor, S.J. Pennycook, and R. A. Zuhr, Oak Ridge National
Laboratory, Oak Ridge, TN 37831.

Low and high doses of As* (3x1014-1x1016 cm-2) were implanted in Si
single crystals in the energy range of 2 to 17.5 keV at room temperatre.
Defect-free shallow junctions with good electrical activation have been
achieved at temperatures as low as 700°C by rapid thermal annealing.
Cross-sectional transmission electron microscopy combined with in situ
annealing has been used to distinguish the two possible mechanisms
responsible for defect removal, bulk diffusion of point defects leading to
defect annihilation, and glide of extended defects to the surface through the
action of image forces. This latter mechanism is shown to become a more
efficient means for defect removal as the junction becomes more shallow.

*Research sponsored by the Division of Materials Sciences, U.S.
Department of Energy under contract DE-AC05-840R21400 with Martin
Marietta Energy Systems, Inc.

A9.18

A COMPARISON OF LOW AND HIGH DOSE GALLIUM ION IMPLANTED
POLYCRYSTALLINE SILICON, H.B. Harrison, Microelectronics,
Griffith University, Australia 4111, A.P. Pogany, D.X. CAO
MMTL, RMIT, Melbourne, Australia 3000, and Y. Komen,
Technion, Israel.

Gallium (Ga) implanted polycrystalline silicon is the subject
of this investigation. Ga ions of 100kev and doses

3 x 10**/cm? and 6 x 10*5/cm? (low and high dose respectively)
have been studied with regard to their annealing properties.
Previous reports by this group have concentrated on the
higher dose regieme, namely that of a liqued phase melt
regieme that determined the final morphology, and other
physical and electrical properties.

whilst the lower dose results in a similar damage layer
albiet to a different depth, the ann2aling cycle tends to
follow a more conventional solid phase epitaxial growth.
However there are other interesting differences between the
two doses regiemes and it is the intent of this paper to
highlight these differences and suggest speculative reasons
for these physical and electrical differences.

A9.19

DIFFUSION OF CARBON IN TEMPERED MARTENSITIC
STEEL DURING LASER MELTING. J-P. Hirvonen, T. .R.
Jervis, and T. G. Zocco, Materials Science and Technology Di-
vision, Los Alamos National Laboratory, Los Alamos, NM
87545

Migration of carbon is one of the most important factors de-
termining the final microstructure of the laser melted surface
of carbon steel. The formation and dissolution of carbides re-
stricts the amount of carbon capable of diffuging during the
melt duration (~ 100 nsec). This affects coarsening, composi-
tion, and microstructure of the modified surface layer.

Tempered martensitic steel with nominal composition: 1.05
wt. % C, 0.2 wt. % Si, and 0.3 wt. % Mn was implanted with
13C and subsequently laser melted with an excimer laser op-
erating at 248 nm. The surface was exposed to five and ten
pulses at an energy density of 1.2 J/cm? per pulse. The concen-
tration profiles were measured utilizing the resonance of the
nuclear reaction 13C(p,y)!4N at a proton energy of 1.948 MeV.
rom the measured concentration profiles the diffusion length
per pulse as well as the fraction of carbon bonded to
undissolved carbides were calculated. These results will be
compared to similar studies in laser melted carbon implanted
iron. Results of microstructural characterization of the
surfaces using transmission electron microscopy will also be
presented.

A9.20

RAPID THERMAL ANNEALING OF Si* and P* DUALLY
IMPLANTED InpP. Shen Honglie, Yang Genging,

Zhou Zuyao ana Zou Shichang, lon Beam Laboratory,
Shanghai Institute of Metallurgy, Academia Sinica,
Shanghai, China 200050

150Kev _si* ions and 160KeV P* jons were implanted
at 200°C with deses ranging from 1x10'® to
1x10'5/cm? to study the effect of dual implanta-
tions on the electrical properties of Fe doped
InP. Samples were deposited with Si3Ng4 films of
10008 by PECVD and annealed in a halogen tungsten
lamp RTA system under flowinq°N2 at different
temperatures from 700 to 900°C for 5s. The
samples were characterized by Hall measurements
using the Van der Pauw method. To obtain
carrier concentration profiles, differential
Hall measurements were performed using l:1
mixture of H3PO4:H202. 1t has been found that
Si and P duai implantations in InP can results in
an enhanced activatation, particularly evident
at high doses of implantation. The maximum
dopant activation and average electron mobility
for S1 and P dual implants at doses of 1x10!°/cm?
are 70% and 750cm?/vs, which corresponds to a
peak carrier concentration of 5x10!?/cm? while
that for $1 single implant at the same dose are
29% and 870cm?/vs, which corresponds to a peak
carrier concentration of 1.2x10'%®/cm?. 1t can
be seen from the carrier concentration profiles
that Si dopant is effectively prevented from in-
diffusion with the help of rapid thermal anneal-
ing and P implantation.

A9.21

MODELING OF LOCALIZED MELTING OF THIN Si FILMS IN ZONE-
MELTING RECRYSTALLIZATION. J.S. Im2< J.D. Lipman,t LN.
Miaoulis,b C.K. Chen,® and C.V. Thompson.8

#Department of Matesials Science and Engineering, Massachusetts Institute
of Technology, Cambridge, MA 02139.

bMechanical Engineering Department, Tufts University, Medford, MA
0215s.

SLincoln Laboratory, Massachusetts Institute of Technology, Lexington,
MA 02173-0073.

Using the finite difference enthalpy method, we have developed a quantita-
tive mode! that accounts for the localized melting behavior of thin Si films.,
The model i tes radiative and conductive heat flow components and
takes account of the phase changes that occur during zone-melting
recrystallization. Emphasis is placed on the effects resulting from the
differences in reflectivity and emissivity between solid and liquid Si.
Quantitative information is provided concerning the temperature profile of
the Si film and the configuration of the solid-liquid phase boundaries. The
model shows the existence of two distinct types of melting behavior:
reflectivity-change-dominated and emissivity-change-dominated. Partial
melting and nonplanar solid-liquid interfaces are characteristic of
reflectivity-change-dominated behavior, while "explosive™ melting and
hysteresis are characteristic of emissivity-change-dominated behavior.

The Lincoln Laboratory portion of this work was sponsored by the Rome
Air Development Center.

A9.22

EFFECTS OF NITROGEN ION IMPLANTATION IN 304 STAINLESS STEEL
AT HIGH TEMPERATURES. Sadhna Shrivdastava, Ram D. Tarey,
M.C. Bhatnagdar, Amitsbh Jain and K.L. Chopra, Indian
Institute o. Technology, Hauz Khas, New Delhi-110016,
Indja.

Nitrogen ion implantation is 4n attractive technique for
surface strengthening of metals and alloys. In order to
achjeve high throughputs, high dose rates are necessary

and cooling of the target is often impractical. We present
a study of the influence of target temperature on the stru-
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cture and properties of nitrogen ion implanted 304 stain-
less steel., With a beam power of 0.1 W/cm2 the target 17
tanpeﬁature is restricted to 150°C., At a dose of 3.5x10
N,/ecm”, Glancing Angle X-ray Diffraction revealed the for-
mation of g-iron nitride and no nitrogen in sclution. The
microhardness measured at 10g increases by 15%, With a
beam power of 1.1 W/em? the target temperature is 550°C,

At the same dose as before, the amount of €-iron nitride
produced is smaller but there is a few atomic Dpercent
nitrogen in solid solution. There is in addition the for-
mation of chromium nit-ide. The increase in microhardness
is 40% in this case. This enhanced hardening appears to

be due to interstitial solid solution strengthening by
nitrogen, The specimens contained a bcc phase which lends
itself to such hardening. In general, Auger depth profi-
ling revealed thermal redistribution effects and some

loss of nitrogen through out-diffusion.

A specimen deformed by compression formed an enhanced

J. laye. Juring ion implantation at a high beam power .
There is no loss of nitrogen in this case. The oxide layer
appears to have a capping action against out-diffusion.

A9.23

ANALYTICAL STUDY OF EFFECT OF ARSENIC CONCENRATION
ON SOLID PHASE EPITAXIAL GROWTH OF AMORPHOUS SILICON.

-Ji , Center for Materials Science and Engineering; M. F.
Becker, Dept. of Electrical and Computer Engineering; and R. M. Walser,
Dept. of Electrical and Computer Engineering, The University of Texas,
Austin, TX. 78712.

In this work we measured the functional dependence of the solid phase
epitaxial growth (SPEG) of amorphous silicon on the concentration of
implanted arsenic (n-type) impurity, No,. The SPEG rates of self-ion
amorphized layers in silicon wafers with <100> substrate orientation were
measured by in sifu, high precision, isothermal cw laser interferometry for
temperatures from 470°C to 580°C, and concentrations in the range 5x1017
cm-3<N<3.8x1020 cm3.

Changes in the SPEG velocity were not detected for Ny, <6x1018 cm3, but
the growth rate increased linearly with arsenic concentrations in the range
6x10i% cm3<Na;<2x10!? cm3. In the linear region the SPEG data
satisfied the equation; V/V;=1+N/N;, where Ni(T) was fit to an Armrenhius
form obtained from the temperature dependent intersections of the regrowth
data with the concentration axis. In previous work we showed that the
enhancement of the SPEG velocity by B and P could be described by an
equation of the same form. For As, the activation energy and pre-exponential
terms of N; were 0.23 eV and 9.8x1020 cm™3; both values are only slightly
smaller than those obtained for B and P implanted samples.

The activation energy for SPEG decreased for Nas;<1x1020 cm-? and
.increased for higher concentrations to N,=3.8x1020 cm-3. The pre-
exponential term for SPEG exhibited a similar variation with N,. The SPEG
rate varied nonlinearly with high arsenic concentrations (N,>2x101% cm-3)
and a reduction in the rate of increase of the SPEG rate with N,, was
observed. A similar effect was previously observed for P; another donor
impurity. The quadratic fit of the data in the nonlinear range for both P and
As suggests that processes involving localized electron pairing may have a
deleterious effect on Si SPEG.

A9.24

ION CHANNEIING MEASUREMENTS OF STRAIN IN GERMANIUM
IMPLANTED AND ANNEALED SILICON, E.A. Johnson, and
F. Namavar, Spire Corporation, Patriots Park, Bedford, MA;
R.J. Culbertson, U.S. Army Materiais Technology Laboratory,
Watertown, MA,

We have used ion beam channeling (2 MeV He') to examine the
surface of (100) silicon after low dose (10'“-10' stoms/cm?)
germanium impiantation and annealing. After a moderate annealing
regimen (850 C, < 1 hr), backscattered particle channeling dips
indicate that germanium atoms substitute into the silicon lattice.
Aligned backscattering spectra show good channeling in the shaliow,
germanium impianted region with minimum yields comparable to
pure, unimplanted silicon. At grester depthas, beyond the projected
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range of the germanium, aligned spectra exhibit ledges correspond-
ing to somewhat higher dechanneling yields. We explore the orienta-
tion dependence of these ledges and propose a pseudomorphic iat-
tice regrowth model to explain these observations.

A9.25

LOW ENERGY Si AND Sn IMPLANTATION OF GaAs. K.S. Jones, W.S.
Rubart and L. Seiberling, University of Florida, Gainesville,
Florida and D.K. Sadana, IBM T.J. Watson Research Center,
Yorktown Heights, New York

Low energy si* and snt implantation into GaAs has been
studied extensively by cross-sectional and plan-view TEM.
Comparisons of equivalent damage density distributions for
the two species, formed by adjusting the implantation energy
and dose over a three order of magnitude range, indicate ion
beam induced epitaxial crystallization (IBIEC) greatly
restricts the "window" for amorphous layer formation during
room temperature implantation. For_a 20 KeV Sit implant in
GaAs only doses between 5 x 1014/cm? and 2 x 1013/cm

resulted in observation of an amorphous layer after
implantation. A correlation between the existance of an
amorphous layer and the subsequent extended defects observed
upon annealing will be presented. When complete IBIEC
induced regrowth of the amorphous layer occured during the
implantation, then extended defects formed upon rapid thermal
annealing in an inert ambiant. However, suppression of
arsenic loss during rapid thermal annealing via use of either
an arsine ambient or Si3N, capping, suppresses or destablizes
extended defects. This elimination mechanism may be related
to increasing the much more mobile Ga vacancy concentration
which can dissolve the extrinsic, implant related dislocation
loops. Finally RBS channeling results indicate suppression
of arsenic loss during rapid thermal annealing results in a
higher fraction of the implanted tin being substitutional
which corresponds well with increased gallium vacancy
formation. This was confirmed by observations of Sn
precipitate concentrations in cross-sectional TEM. Hall
2ffect results will also be presented on the activation of
the implanted dopant.

A9.26

MIGHLY STABLE Hlp'l"O.SSG.D.L'f“ OHMIC CONTACTS FORMED BY RAPID THERMAL
PROCESSING. A.Kety, R.F.Xarlickek Jr., J.D.Wymn, G.E.veir,

D.Maher, P.M.Thomas, M.Soler, W.C.Dautremont-Smith and L.C.Kimerling,
Bell Laboratories, 600 Mountain avenue, Murray Hitl, NJ 07974,

ATRY

Tungsten contacts to 2n doped "‘O.SBG'O.W“ have been formed by repid -ther-l
processing. Contacts to layers with Zn doping concentration of 5x10 "cm were
rectifying as sputter deposited as well as after heat trestments ot tespera-
tures tower than 450°C. Wigher processing temperatures caused a linesr
decrease of the contact resistivity values from 0.6 as deposited to 0.15 asm
sfter heating at 550°C. Rapid thermal processing st these higher temperatures
stimulated the Schottky to ohmic contact conversion with minimm contact
resistance value of B.5x10 “aca® and sheet resistence value of 150 a/Q as
e result of heating at 600% for 30 sec. By increasing the p-inGeAs doping
tevel to mo" cn” the specific contact resistence of this contact was
dropped to the minimum of 7.5x10%acalas & resutt of nesting st 500°C for 30
sec. The H/p-lno'”cno.‘fl contact s:oued excellent thermal stability over
the tempersture range of 300 to 750°C, with an abrupt snd almost unreacted
metal-semiconductor interface. Heating et temperatures of 500°c or higher
caused the degradation of the contact. This was reflected by a distinct in-
crease in the heterostructure sheet resistence as o result of the intensive
interfacial reaction which took place at the contsct, sccompenied by out dit-
fusicn of both In and As,

A9.27

MOSSBAUER STUDY OF THE DEFECT STRUCTURES
AROUND Te IMPLANTED IN Al;Gaj.yAs. H. Bemelmans and

IKS, University of Leuven, Belgium; G. Borghs, IMEC,
mwum.

12%Te atoms were im?lu.nted in AlyGag-xAs (0 < x < 1) with a dose
of 2 x 1013 atoms/cm?. After rapid thermal annealing to0 900°C, a
varistion in the Mdssbauer spectra as a function of x is observed.
For 0.2 < x € 0.7, a component with a large electric field gradient is
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dominant in the spectra, while for the other values of x an unsplit
resonance dominates. The same com t with the large electric
field gradient was obeerved before [ll in the Mdssbauer spectra of
Te—implanted GaAs for conoentrations exceeding 101? atoms/cm3.

As the presence of this component is correlated with the presence of
the DX—center, the hyperfine interaction parameters of the observed
Mdssbauer spectrum component will be discussed with respect to
some of the existing models for the DX~center.

gLG. Langouche, D. Schroyen, H. Bemnelmans, M. Van Rossum, W.
527aedt and M. de Potter, Mat. Res. Soc. Symp. Proc. 104 (1988)

A9.28

ION BEAM METHOD TO STUDY FRACTAL AGGREGATION OF
MAGNETIC PARTICLES IN THIN FILMS J.R.Ding,L.J.
Huang and B.X.Liu(a), Department of Materials
Science and Engineering, Tsinghua University,Bei-~
jing 100084, CHINA; (a) also at Center of Conden-
sed Matter and Radiation Physics, CCAST(World
Lab.), Beijing.

Fractal aggregates of magnetic particles{Co and
Fe) were observed in vapor-deposited Ag-Co and
Fe-Cu alloy films, after the films had been irra-
diated at room temperature by 200 keV xenon ions
to various doses. The fractal dimensions were
determined with box-counting method to be 1.47+
0.02 and 1.42+0.02 for Co and Fe, respectively.
It was found that the fractals were formed throu-
gh a cluster-cluster diffusion aggregation{CDLA)
process. However, the dimensions observed were
smaller considerably than the value of 1.72 ex-
pected by the CDLA model, because of the magnetic
interaction among the aggregating particles.This
is in agreement with the previous reported re-
sults.

The multiscaling properties of the observed frac-
tals were also studied and showed some differen-
~pe fr-3 those reported earlier.

A9.29

LODIFICATION OF MITRIDE CEHAMIC STRUCTURE AND
RESISTIVITY BY ION BEAMS. V.V.Lopatin, and
A.V.Kabyshev, High Voltage Institute,Tomsk, USSR

The ion implantation (The parameters of plesma-
arc accelerator = 100 keV, 1-20mA/cm? ,pulse du-
ration = 250m 8,frequency = 5-50Hz) modifies
structure and properties of a high dispersive
nitride ceramics o ~BN, AlN and Si.Ni.In compa-
rison with the heavy ioms ‘Fe,Cu,lg,N) the at-
tack by light ioms (Li,B,C,Al} modifies more
significently the structure and resistivityﬁ
inducing more thermostable coat. s

The structure modification consists enerall
of grinding the crystallites up to i‘ogmtion gi
an amorphous film with the thicknwss that
equals epproximetely the ion range (~30 nm).

The £ of coat incr
500 nfn. eages at the depth of 300 to

As compared to the starting materials with =
10:‘;- 10”7 Q growing dose from 10 em™ to 1(')%?
<1:mg results in the decreasing surface's £ to
09q .If C"-implantation occurs in the regime
of ion mixing, for D210’ cm*? new phases are
synthesized as the flat crygtals,

I:ost-implantation anneeling increases the ¢ -
tivity too, and allows to form the coat witgméﬁg
controllable f. = 103 - 109 and low tempera-
ture coefficient of rosutivﬁy (up to 10-% &~/
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within the temperature range to 1500K).In this
case the mechanism of conductivity changes due
to the forming localized states within a wide
band gep.

A9.30

REDUCTION IN SECONDARY DEFECT FORMATION
IN MEV ION IMPLANTED SK(100)

W.X. Lu, R.J. Schreutelkamp, J.R. Liefting and F.W. Saris,
FOM Institute for Atomic and Molecular Physics, Kruislaan
407, 1098 SJ Amsterdam, The Netherlands

MeV ion implantation in Si above a dose of 1014/cm2 leads
to secondary defect formation in a buried layer, which is
rather stable. Annealing behaviour of Si(100) implanted
with 1.0 and 2.0 MeV Ast, B+ and Sit ions at a dose above
1014/cm2 has been investigated by means of cross-sectional
TEM. After annealing at 9000C for 15’ elongated
dislocation loops were found along [110] direction. A
remarkable decrease in secondary defects has been observed
if in addition a low energy silicon implantation was
performed prior to annealing to form a sink for defects
created during MeV implantation. The reduction of the
secondary defect formation shows a strong dependence on
the amount of disorder in the near surface region due to the
low energy implant.

A9.31

AMORPHOUS METALLIC ALLOYS FORMED BY PLASMA
ION MIXING. Xiaoci R. Arthur Dodd, John R. Conrad,
and Frank Worzala, University of Wisconsin, Madison, WI.

When plasma ions interact with layered Ni-based metallic
films, the structures resulting from the ion-surface reactions
vary with the ion dose and ion mass. For light ions, smaller
grains are formed after plasma ion mixing, but no amorphous
structure is observed.  For heavy ions, an amorphous phase is
obtained as long as the dose is larger than a critical value. The
film structures are checked by TEM and electron diffraction.

The stability of the amorphous phase has been investigated by
annealing the samples at various temperatures, and
recrystallization is observed when the annealing temperature is
above Tr. The grain sizes of recrystallized films are dependent
on the annealing time.

A9.32

LASER PULSE TRIGGERING OF THE EXPLOSIVE CRYSTALLIZATION IN
AMORPHOUS Si AND Ge THIN FILMS., W. Marine and J. Marfaing,
UA CNRS 783, Faculté des Sciences de Luminy - Département
de Physique - Case 901 - 13288 Marseille Cedex 9, France.

The first stage of triggering of the well known explosive
crystallization is accelerated nucleation rate which gene-
rates large heat flow necessary to induce the intermediate
melting. If in the ion implanted amorphous samples high
nucleation rate can be explained by interfacial (amorphous-
1iquid-crystalline states) mechanisms, this nucleation is

2 purely thermal effect. Observed nucleation instabilities
reported in this paper give an experimental evidence of the
laser pulse length dependence of the nucleation rate.

The self-standing amorphous Ge and Si films has been crys-
tallized in situ in transmission electronic microscope by
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pulsed YAG laser (X = 0.53 um, pulse duration t = 14 ns and
30 ps (FWHM)). Parallely, crystallization has been obtained
by rapid electron beam irradiation in order to compare the
different nucleation modes. Under nanosecond laser and us
electron beam irradiation, a quasi-uniform repartition on
the nucleation centres has been observed. The morphologies
of the picosecond pulse crystallization is unambiguously
defined by i) the existence of an amorphous-like zone in the
central spot (at the crystallization threshold) or of a con-
centric ring with same amorphous-like structure under higher
excitation near melted zone ; ii) the significative decrease
of the dendritic area at the periphery of the crystallized
zone, and subsequently the increase of the differently poly-
crystallized areas. The common particularity of the ps and
ns irradiation is the well defined crystallization threshold
for dendritic growth which is the result of competition
between polycrystaliine 1ight induced nucleation and thermal
explosive growth. The observatioms are discussed in the
context of the heterogeneous nucleation theory.

A9.33

HREM OF ELECTRON BEAM INDUCED AMORPHIZATION AND
PHASE TRANSFORMATION IN MoO, CRYSTAL. Shri R.Singh
and Laurence D.Marks, Center for Radiation Damage
Studies, Department of Materials Science &
Engineering, Northwestern University, Evanston, IL.

The desorption induced Sy electronic transition
(DIET) from MoO, crystal surfaces was studied by a
UHV high resolution electron microscope. It was
found that during the initial stages of desorption
of oxygen from the surface generates number of
dislocations in the structure and with further loss
of oxygen the MoO, structure collapses to an
amorphous 1like phase. The transformation to
amorphous phase which is a metastable alternative
polymorphic structure and does not require
interdiffusion of species is a direct manifestation
of rapid desorption of oxygen. The orientation
dependence of transformation rate was investigated
in terms structural model. The necessary condition
for amorphization is (1) large disparity in the
atomic diffusion rates of participating species and
(2) an absence of polymorphic crystalline
alternative as a final state. As irradiation dose
increases, the diffusional process lead to the
nucleation and growth of Mo microcrystallites of
increasing size embedded in amorphous connective
tissue. The Mo has well defined orientation
relationship with Mo0O, which is maintained
throughout the transformation. The whole process is
a continuous transformation consists of DIET from
the surface leading to amorphization and subsequent
diffusional process 1leading to nucleation and
growth of Mo.

A9.34

THE EFFECTS OF ANNEALING ON THE STRUCTURE AND DISTRIBUTION
OF CHARGE STATES OF IRON IMPLANTED INTO a-A1,0, AT 77 K.*

C. J. McHarque, P. S. Sklad, J. C. McCallum, and C. W. White,
Bak Ridge National Laboratory, P.O. Box 2008, Oak Ridge, TN
37831-6118; and A. Perez and G. Marest, University Claude
Bernard, Lyon 1, Villeurbanne Cedex, France.

Implantation of iron into a-Al1,0, at 77 K produces an .
amorphous state for fluences greater than about 3 x 10
Fe/em?. Conversion electron MSssbauer spectroscopy (CEMS)
was used to determine the distribution of the implanted iron
among various charge (valence) states in as-implanted and
annealed (in oxygen) samples. TEM and RBS were used to
follow changes in the microstructure.

Iron in the as-implanted (amorphous) specimens was distri-
buted among two Fe'*, two Fe**, and the Fe® (metallic

clusters) states. The CEMS spectra for a sample contatining
7 x 10'* Fe/cm® shows all the 1ron to be converted to Fe3+
after annealing for 1 h at 700°C and above.

The TEM results show the structure to be mostly y-Al,0,
after the 900°C anneal and all a-Al1,0, after the 1100°C
anneal.

*Research sponsored in part by the Division of Materials
Sciences, U.S. Department of Energy, under contract
DE-AC05-840R21400 with the Martin Marietta Energy Systems,
Inc.

A9.35

QUALITATIVE MODEL FOR SURFACE RIPPLING OF ZONE MELTING
RECRYSTALLIZED SILICON-ON-INSULATOR LAYERS

Paul K. Mertens, Herman E. Maes, IMEC, Kapeldreef 75,
B-3030 Heveriee, Belgium.

In the lov power regime of IMR the recrystallized layers
show a regularly rippled surface. These surface undulations
have considerably retarded the use of ZIMR films for very-
thin~film (0.1pm) SOI processes. A better understanding of
the underlying mechanism may help in reducing the magnitude
of the phenomenon. In the present work, a possible qualita-
tive model based on the interface energy equilibrium at the
*triple® line defined as the intersection line between the
solidification interface and the cap layer interface is
presented.

In the regime under study the solidification interface is
believed to consist of rounded segments with deep cusps in
between which is typical for a cellular growth. The valleys
of the surface ripples are believed to coincide with the
locations of these cusps. Consider now the interface energy
equilibrium along the triple line in a plane which is
normal to this line. The liquid surface has a meniscus
shape which is characterized by the typical "meniscus
angle" at the triple line. This is easy to imagine for the
forvard tip of the curved segments. It merely means that
the liquid surface has a positive slope as one looks into
the scan direction. When considering points more closely to
the center of a cusp, one can see that the liquid meniscus
trapped Dbetween two neighbouring branches of the cusp be-
comes smaller and smaller. In order to maintain the conti-
nuity of the slops of the liquid surface, eventually the
complete surface force equilibrium diagram (including the
solid silicon - cap interface) will tend to rotate down-
ward. This implies also that the surface of the laterally
growing cells will be pushed downward leading to a dimple
in the final film,

A9.36

PARAMETRIC STUDY OF THE ZONE~MELTING-
RECRYSTALLIZATION PROCESS OF SOI STRUCTURES.

Joseph Lipman, loannis N. Miaoulis*, Mechanical
Engineering Department, Tufts University, Medford,
MA 02155; and Jim S. Im, Materials Science and
Engineering Department, M.I.T., Cambridge, MA 02139

A numerical simulation of the Zone-Melting-
Recrystallization (ZMR) thermal processing
technique was developed. The finite difference
algorithms used enabled the investigators to obtain
temperature distributions in thin

Silicon On Insulator structures. Effects not
usually treated by the existing analytical and
numerical solutions such as convective and
radiative losses from the surface of the film,
phase change, temperature dependent thermal
properties, and significant optical property
variations during phase change were included in the
simulation. Different heat strip geometries and
temperatures ware simulated, and the results
obtained matched experimental observations. The
paramatric study focused on four different areas:
i) the relationship between the temperature of the
heating source and the velocity; ii) the effects of
the non-linearities induced by the treatment of the



thermal properties as temperature dependent; iii)
the effects of the natural convection heat transfer
from the structure to the inert gases typically
used as atmospheres during processing, and iv) the
heat conduction effects induced by the multilayer
nature of the SOI structure to the temperature
distribution. Results of this study are presented
in graphical form and can be used by investigators
to optimize ZMR processing. This research was
supported by NSF grant MSM-8817949

*author to whom correspondance should be addressed

A9.37

THE EFFECT OF CHROMIUM IMPLANTATION ON THE FRACTURE
STRENGTH OF A1,0,.* M. E, O'Hern, C. J. McHargue,

C. W. White, Oak Ridge National Laboratory, P.0. Box 2008,
Oak Ridge, TN 37831-6117, and G. C. Fariow, Wright State
University, Dayton, OH 45435.

The fracture strength of two orthogonally oriented single
crystals of sapphire implanted with 1 x 10%? Cr/cm? (180
keV) was determined by four-point bend testing. The frac-
ture strength is increased by the chromium implantation.
The effects of crystal orientation are addressed for both
the implanted and unimplanted states.

The mechanisms responsible for the increase in transverse
rupture strength are discussed and correlated with other
measured mechanical properties.

*Research sponsored by the Division of Materials Sciences,
u,S. Department of Energy, under contract DE-AC05-840R21400
with the Martin Marietta Energy Systems, Inc.

A9.38

lON-lMP.LANTATION INDUCED AMORPHIZATION OF CERAMIC
OXIDES. D.F._Pedraza, Metals and Ceramics Division, Oak Ridge
National Laboratory, Oak Ridge, TN 37831-6376

A theoretical study of the mechanisms of ion-implantation induced
amorphization of ceramic oxides is conducted based on the hypothesis
that the production of highly localized and strongly sanisotropic
distortions causes iattice destabilization and the consequent transition 1o
the amorphous state. a-alumina is taken as 3 model system to develop a
detailed mathematical approach capable of predicting the kinetics of
amorphization. It is known from experiment that many metallic and noble
gas elements implanted at liquid nitrogen temperature to concentrations
less than 3% induce amorphization. The effect of implantation js first
studied at these low temperatures.

Two aspects of the implantation process are considered. One is the site
location and the other is displacement damage caused by the bombarding
species. The oxygen sublattice is tsken as the reference lattice.
Irradiation is assumed to produce only vacancies and interstitials, of both
oxygen and aluminum, snd also to displace already implanted impurities
from the sites they are located. It is assumed that aluminum can be
displaced into any of the available interstitial positions, but may not
occupy oxygen sublattice sites. The implanted species is also assumed to
be able to occupy only interstitial sites. Oxygen can be displaced into any
interstitial site depending on the level of disorder of the aluminum
sublaftice. As a consequence, randomization of the aluminum sub-lattice is
first produced. The atomic mechsnism leading to localized distortions is
assumed (0 be the accumulation of implanted impurities into tetrahedral
interstices. It is postulated that once this accumulation reaches a critical
value in a small region, amorphization of this region follows. The
calculations yield a fast amorphization rate once the local impurity
concentration reaches a certain level.

*Research sponsored by the Division of Materials Sciences, U.S.
Department of Energy, under Contract DE-AC05-840R21400 with Martin
Marietta Energy Systems, Inc.
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A9.39

METASTABLE STATES AND INCREASE IN CORROSION -
MECHANICAL RESISTANCE IN STEELS IRRADIATED BY
HIGH POWER ION BEAMS. +P. P s V.P.Kush-
narenko, N.N.Shabanov, Nuclear glics Institute,
33435(1) Tz:sk. %’.g.gox ZS,TUSSR; A.K.Ma.ksiil:{,
VMo d 08 ov, okle ugu. mm’zte » 8
department, Kaz.ASSR. gas oy

One of the promising w
properties of structural materials is to irredi-
ate alloy surfaces by high power ion beams(HPIB).
Today the method to evaluate material resistance
to corrosion cggcki.ng unger low rate deformation
of samples ( 1 to 107 8% is being extensive-
ly developed. This method allows urgent informa-
tion about corrosion crgcking abilities of inve-
stigeted materials or efficiency of protection
methods when traditional methods cannot yield
valuable information or need longer time of ex-
posure. Effect of HPFIB exposure on hydrogen cra-
cking resistance of 45 steel has been investiga-
ted. Chenges in physico-chemical surface proper-
ties were investigated using SIMS, microhardness
measurements(Micromet), TEM and REM . Irradis -
tion chamber of the modified TONUS accelerator
was evacuated to 10 Torr, the beam parameters
were 3 Bx 0.2 t0 0.5 MeV, J= 20 to 250 A/cm
current density,’l = 60 to 80 ns pulege duration .
Corrosion cracking tests were performed in e
hydrogen sylphide medium NACE, PH = 3, T = 294K,
with 2 x 10® 8¢ deformetion rate . Results of
thoss tests evidenced increased corrosion resis-
tance of investigated steel 45 after HPIB expo-
i:ro,hg 1t120 Aécm (m;.mberlor pul:es exceededS)
0! n_o ur.
d ﬂ mo }ged sax%p es .ace eyor£1 was observ=

8 to improve operation

A9.40

JON BEAM INDUCED CONDUCTIVITY CHANGES IN GLASSY
CARBON. Dougal McCulloch and Steven Prawer, Dept
of Applied Physics/Microelectronics and Materials
Technology Centre, Royal Melbourne Institute of

Technology, G.P.O. Box 2476V, Melbourne, Victoria
3001, AUSTRALIA.
Glassy Carbon is produced by the controlled

thermal degradation of specific polymer-type
materials. Microstructurally it consists of a
tangle of graphite-like ribbons or microfibrils.
it is moderately hard, chemically inert,
impermeable and biocompatible. Recent studies have
shown that ion beam irradiation of Glassy Carbon
gsignificantly enhances its wear resistance making
it a much more attractive material for
bioengineering applications.

As part of an attempt to understand the mechanisms
by which this enhancement occurs, the electronic
structure of implanted GC has been investigated by
surface resistivity measurements. Unirradiated GC
has a resistivity of 4.5%10"° ohm-cm. Ion beam
irradiation of Glassy Carbon leads to an increase
in the resistivity of the implanted layer of up to
seven orders of magnitude.

This ion beam induced increase in the resistivity
is concomitant with an increase in
microstructural disorder as monitored by Raman
sSpectroscopy. Both the Raman and resistivity
neasurenents suggest that the material undergoes
an jon-beam induced ' transformation at damage
levals of about 0.5 displacements per atom. At
higher doses evidence exists for an ion bean
induced annealing effect.
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A9.41

SYNTHES1S OF MoSy PHASE IN THE NEAR SURFACE REGION OF
Al03 AND 2r0p BY ION  IMPLANTATION.* A. K. Rai,
R. S. Bhattacharya and D. Patrizio, Universal Energy
Systems, Inc., 4401 Dayton-Xenia Road, Dayton, OH.

Ion implantation has been widely used as a powerful
technique to dope semiconductor surfaces. Also, new
materials have been synthesized through the reaction of
the implanted species with the substrate. Not much work
has been done in utilizing ion implantation technique to
synthesize new compound phases from implant constituent
elements. This process can provide controlied
incorporation of desired compounds 1in the near surface
region of various materials. Surface sensitive properties
of a particular material can thus be improved by choosing
the proper compound.

The aim of this research work was to explore ion
implantation technigue to produce MoSp;, a solid
lubricant, 1in the near surface region of Al03 and
2r0; substrates. Dual implantations of Mo* and St
jons were performed in Alp03 and 2r02. The energies
of the implants were adjusted to obtain overlapping
profiles of Mo* and S* ions. Rutherford backscattering
spectroscopy and Auger electron spectroscopy were used to
determine the profiles of Mot and S* before and after
annealing. Formation of MoS;, after post implant
annealing was confirmed by transmission electron
microscopy. Preliminary results of friction and wear
measurements on the implanted and annealed substrates will
be discussed.

* This work was supported by the DOE, ECUT Contract No.
DE-AC02-88CE90026.

A9.42

EFFECT OF Y-RADIATION ON PHYSICO-CHEMICAL PROPERTIES
OF LANTHANUM COBALTATE (LaCo0,). B. Srinivas,
V.R.S. Rao and J.C. Kuriacose, Depa?tment of Chemistry,
Indian Institute of Technology, Madras-600 036, INDIA.

The decomposition of H, 0, on y-irradiated LaCoO, has been
studied. Pre-irradiation “of LaCoO. In moist Aatmosphere
leads 10 the formation of chemisdrbed (surface excess)
oxygen, transition metal reduction and enhanced catalytic
activity., The enhancement in the catalytic activity Iis
directly proportional to the amount of reduced metal.

The electrical conductivity of the sample pellets is
found to decrease with increase in y-dose. This is attri-
buted to the trapping of charge carriers (electrons)
by chemisorbed oxygen formed during Y-radiation. X-band
ESR spectrum of y-irradiated LaCoO. gives two signals
g, = 2.047 andg, = 2.006 which are assigned to the
superoxide ion (0O,). X-ray photoelectron spectroscopy
was employed to l%vesugate the possible su tace modi-
fications occuring during Y-irradiation. No significant
change in the surfsce is noticed in LaCoO, irradiated
in vacuum and dry oxygen. However, samplei irradjated
in air and moist oxygen show the following changes.
The 0 1s region gives two peaks at 532.3 eV and
529.8 eV which are assigngd to chemisorbed oxygen
{0,) and lattice oxygen (0° ) respectively. The first
peak ’steaduy decrease when the sample is subjected
to Ar  fon sputtering. The binding energy of Co 2p
shows a shift of 0.5 eV towards lower vaive. Thgg
is also a br?fdenxng.,*of the peak which Indicates
reduction of Co to Co™ probably by hydrated electron:
produced during Y-irradiation in moist atmosphere. Ar
ion sputtering increases the intensity of the Co 2p signal
implying cobalt metal lon segregation to the surface
during Y-irradiation.

- §’;

A9.43

STRUCTURAL AND THERMODYNAMIC PROPERTIES OF
AMORPHIZED Si FORMED BY MeV Si BEAMS. S. Roorda and
W. C. Sinke, FOM Institute for Atomic and Molecular Physics,
Amsterdam, The Netherlands; J. M. Poate, D. C. Jacobson, S. Dierker,
B. S. Dennis, AT&T Bell Laboratories, Murray Hill, NJ; P. Fuoss,
AT&T Bell Laboratories, Holmdel, NJ; and F. Spacpen, Harvard
University, Cambridge, MA.

Apart from its technological applications, amorphous (a) Si is of
fundamental interest because it is the prototype of a covalently bonded
disordered solid. Implantation with MeV Si ion beams can be used to
form a-Si layers which are impurity and void free. In contrast,
deposited a-Si layers will generally exhibit internal surfaces and will
contain impurities from either the deposition process or in-diffusion.
The implanted a-Si layers make it possible to smdy fundamental
properties of 2-Si, and especially variations in these properties as a
result of annealing at moderate temperatures.

The a-Si layers were formed by 2Si bombardments at energies as high
as 8. MeV with the substrates held at 77K. Differential Scanning
Calorimetry is used to detenmine the energy stored in the amorphous
network, and to investigate the time evolution of structural relaxation.
Raman spectroscopy is employed to characterize vibrational properties
of a-Si in its different states of relaxation. The observed changes are
consistent with, but do not unambiguously prove, a decrease in average
bond angle distortion upon annealing. Finally, X-ray diffraction shows
that differences in atomic structure are mainly due to reordering on a
distance scale of more than one bond length.

A9.44

THE ROLE OF ION BEAMS IN CHANGING THE STATE OF

RELAXATION OF AMORPHIZED S§i. S. Roorda and W. C. Sinke,

FOM Institute for Atomic and Molecular Physics, Amsterdam, The

Netherlands; J. M. Poate, 8. Dietker, B. S. Dennis, D. C. Jacobson,

AT&T Bell Laboratories, Murray Hill, NJ; and F. Spacpen, Harvard

University, Cambridge, MA.

A fundamental difference between amorphous Si prepared by Si
implantation (amorphized Si) and crystalline Si lies in the fact that the
ordered crystal is well defined, whereas the disordered amorphous state

allows for a nange of different structures. Consequently, many
properties of a-Si are variable and depend on thermal hiswory., The
transition from a state with high internal energy to a low energy state is
known as structural relaxation and is accompanied by a heat release of

several kJ/mole.

Structural relaxation is generally interpreted as a decrease in average
bond angle distortion in the amorphous network, but the role of defects

such as floating and dangling bonds, interstitials and vacancies is
unclear.

In this paper we show that relaxed, amorphized Si can be brought back

to its high internal energy ‘unrelaxed’ state by irradiation with a variety
of MeV ions such as He, C, Si and Ge. This phenomenon occurs at
substantially lower fluences than are necessary for amorphization of ¢-Si
and has been found to be due to nuclear rather than electronic energy
losses. We will discuss, in the context of these results, the rejationship
between bond angle distortion and defects in a-Si.

A9.45

CONCENTRATION DEPENDENCE OF STRUCTURE AND CONTACT ELECTRON-
IC DENSITY IN IRON IMPLANTED SILICON. Francisco H. S&nchez,
and Marcela B. Fernfindez van Raap, Departamento de Fisica,
Facultad de Ciencias Exactas, Universidad Nacional de La
Plata, La Plata, Argentina.

57Fe MBssbauer data obtained from the Si).yFey system pro~
duced by iron implantation into silicon, have been analyzed
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as 8 function of x in the -ange 0,001<x<0,40, X-ray diffrac
tion results suggest a high disordered, probably amorphousT
system. It was found that both the MUssbauer isomer shift
and the quadrupole splitting follow a logarithmic function
of x with a change of slope in the vicinity of x=0.20,
vhich was associated with a structural transformation. From
the isomer shift data follows that the electronic charge
density at the iron nuclear site increases linearly with
In(x) for x up to 0.20, and then decreases in the range
0.20<x<0.40.

These results are discussed interms of the type of atomic
order, Si(Fe) band structure and electronic interactions,
and the character, attractive or repulsive, of the Si-Fe
and Fe-Fe interactions in the system.

A9.46

CHANGE IN MAGNETIC CHARACTERISTIC OF 301
STAINLESS STEEL IgRADIATED WITH LASER AND ION
BEAMS. H, sanda , M. Takai, and S. Namba,
Faculty of Engineering Science and Research
Center for Extreme materials, Osaka University,
Toyonaka, Osaka, Japan.

301 stainless steel ! has two stable phases in
room temperature, i.e., an austenitic phase
which is a f.c.c. structure and nonmagnetic,
and a martensitic phase which is a mixture of
b.c.c. and b.c.t. structures and ferromagnetic,
Cold-rolled 301 stainless steel foils,
consisting of two mixed phases, were irradiated
with laser or ion beams to investigate the
magnetic modification accompanied with the
phase transformations. The intensity of the
magnetic signals related with the magnetic
susceptibility of the samples decreased by
irradiation with a focused Ar-ion laser beam
from a laser power of 350mW to 550mw with a
beam spot size of 13.2 um (at 1/e intensity),
indicating that the martensitic phase was
transformed into the austenitic phase by laser
annealing and guenching. On the other hand,
the intensity of the magnetic signal of the
samgle increased by implantation at 3 MeV with
si** ions, indicating that the austenitic phase
was transformed into the martensitic phase at
the surface layer by ion induced stress. These
results indicates that the beam induced phase-
change in 301 stainless steel can be applied to
read-only magnetic recording.

*On leave from Glory Ltd., Himeji, Hyogo, Japan

A9.47
TRANSIENT DIFFUSION IN BORON ION IMPLANTED
S1(100); R.J. Schreutelkamp!, R.E. Kaim2, J.F.M.

WestendorpZ, K. T.F. Janssen3, J.J.M. Ottenheim3 and F.W.
Saris1;1-FOM Institute for Atomic and Molecular Physics,
Kruislaan 407, 1098 SJ Amsterdam, The Netherlands;2-
Varian/Extrion division, 123 Brimbal Avenue, Beverly, MA
01915, USA;3-Philips Research Laboratories, p.o. box
80.000, 5600 JA Eindhoven, The Netherlands

We have studied the transient diffusion behaviour of boron
in silicon. The boron ions were implanted in Si(100) at
energies of 5 and 10 keV and at a low dose of 1x1013/cm2.
The implantations were done under both random and
channeled condition. The channeled implantations were done
along [100] direction. After RTA at a temperature ranging
from 9000C to 11000C we observe strong differences in

transient diffusion between the random and channeled
implants. In this paper we discuss our results on basis of the
different models for the transient diffusion mechanism. Our
results support a model in which interstitial boron atoms are
the cause of the transient diffusion.

A9.48

RBS STUDIES OF DAMAGE BEHAVIOR IN SILICON INDUCED
BY P,* IMPLANTATION. Yang Genging, Lin Chenglu,
Fang Ziwei, Zhou Zuyao and Zou Shichang, 1Ion
Beam Lab., Shanghai Institute of Metallurgy,
Academia Sinica, Shanghai 200050, China

The damage behavior of <100>-5i implanted with
P,* and P* at equivalent energies were inves-
tigated by 2MeV He' backscattering and channeling
analysis. Different incident ener?ies (25-
1B0KeV) and intermediate doses (10'%-10'")
used for the implantation with sample holder
being kept at a temperature ranging from 77K to
483K. 1In each monoatomic-diatomic comparison,
the ion dose and the dose rate of P, were equal
to half of those of P* ions in order to keep the
total atomic number of the implants and the
energy deposition rate unchanged. 1t has been
shown that the damage created by Pz* implants

is always greater than that of P* "implants when
the dosage is below the damage threshold fluence
at which layered amorphization takes place, and
furthermore, this damage enhancement phenomenon
is strongly related with implantation tempera-
ture. It has been shown also that the annealing
processes of the samples implanted with Pz* and
Pt at doses near damage threshold fluence behave
differently. We attribute essentially the damage
enhancement of diatomic ion implantation to the
effects of simultaneous cascades overlap and the
multiple collision between molecular fragments
and target atoms.

were

A9.49

INVESTIGAT1ON ON MECHANISMS FOR ION BEAM INDUCED
DEGRADATION OF POLYIMIDE. X.L. Xu, Zhou Zuyao,
Chen Lizhi, Zou Shichang, Ion Beam Lab.,
Shanghai Institute of Metallurgy, Academia Sinica
Shanghai 200050, China

Three types of ions with different atomic masses
(B, Ar, and As) were chosen to irradiate polyi-
mide films in similar conditions in order to
check the mechanisms of the formation of ion beam
induced damage in polyimide. A four-point probe
technique was used to measure sheet resistivities
of implanted films. An ion mass effect on con-
ductivity of ion irradiatea polyimide film was
discovered. The ion mass effect on ion beam
induced change of conductivity and on the energy
loss process of the ions in polyimide suggest
that the electronic energy loss of incident ions
is an important factor for the raise of conduc-
tivity of implanted polyimide, and the contribu-
tions of recoil ionization are restricted by the
grave aamages as a result of nuclear energy loss
process of ious in targets. Our hypothesis are
supported by the automatic spreading resistance
measurement of B* implanted polyimide film coated
on silicon substrate. The results of this work
have been compared with the hypothesis of degra-
dation through direct knock on of atoms in polyi-
mide, proposed by D. Fink et al |Nucl. Instr. and
Meth. B32 (1988) 125j.
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A9.50
EVALUATION OF SURFACE EFFECT ON DISLOCATION

LOOP NUCLEATION Naoto Shigenaka, Tsuneyuki
Hashimoto and Motomasa Fuse, Energy Research Laboratory,
Hitachi Ltd., 1168 Moriyama, Hitachi, Ibaraki,316 Japan

Dislocation loop nucleation was investigated in type 304
stainless steel under ion irradiation. The 3mm¢ disk
specimens (0.lmm thick) were annealed at 1200°C for 10
hours, and irradiated with 300 keV He" ions in the following
ways.

Case |1 : The specimen was electro-polished for TEM
observation prior to ion irradiation (thin foil
irradiation case).

Case 1l : The specimen was irradiated, and then electro-
g:lished from the unirradiated rear surface

fo;'e TEM observation (thick foil irradiation
case).
Ion irradiations were performed in the damage-rate range
between 10° and 10 dpa/s, and temperature range between
300 and 450°C.

Dislocation loop density was measured and the following
results were obtained.

Case | : The dislocation loop density was proportional to
damage rate, and the apparent activation energy
of dislocation loop nucleation was determined to
be 0.8eV from the Arrhenius plot.

Case 1l : The density was proportional to the 0.66 power
of the damage rate, and the apparent activation
energy was 0.5eV.

These experimental observations were consistent with the
predictions of a rate theory-based model in which a di-
interstitial was assumed to be the nucleus of a dislocation loop
and point defect flow toward the surface was included.

A9.51

STRUCTURAL ANALYSIS OF METASTABLE PHASES IN
INTERMETALLIC ALLOYS PRODUCED BY ELECTRON
IRRADIATION AND NON-EQUILIBRIUM PROCESSING.

W. Sinkler and D.E. Luzzi. Dept. of Materials
Science, University of Pennsylvania, Philadelphia,
PA 19104-6272.

Electron imaging and diffraction are used to
characterize and contrast the structures and
microstructures of metastable intermetallic phases
formed during electron irradiation and after
quenching. Intermediate structures are formed
during the early stages of electron {rradiation
induced amorphization in Cu-Ti intermetsllic
alloys which display s marked structural
anisotropy. A similar observation has been made
in quenched-Cr-Ti where the diffuse scattering
from the quenched-in phase bears a striking
resemblance to the diffuse scattering seen prior
to amorphization in the Cu-T{ alloys (all of thesa
phases are bcc-based structures). It has been
reported in the literature that this quenched-in
metastable Cr-T1i phase undergoes a spontaneous
structural relsxation into the amorphous state
during sub-sutectoid temperature anneals [1].
interasting question as to the structural
relationship between the pre-amorphized Cu-T{
phase and the quenched-in Cr-Ti{ phase {s
addressed. The dependences of these structures on
the processing parameters (dose, quenching
conditions, temperature) are characterized using
electron diffraction and conventional and high-
resolution imaging.

The

1. A. Blatter, M. von Allmen and N. Baltzer,
Appl. Phys. 62 (1987) 276-280.

J.
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A9.52

SPATIAL DAMAGE DISTRIBUTION IN ELECTRON-BEAM PROCESSED
GAAS -ALGAAS HETEROST?UCTRUES. EXPERIM| AND THEORY. Deoran
D. Smith, Tobin Fink®’, W. D. Braddock®’, U S Army Electron-

ics Technology and Devices Laboratory, Fort Monmounth, NJ
07703-5000, a) Permanent Address: New Jersey Institute of
Technology, Newark, New Jersey 07102, b) On leave from
Cornell University.

The effect of electron beam irradiation on the trans-
port properties of HEMT structures has been studied. The
data is found to agree with a model containing no free

parameters which predicts the spatial extent and type of
damage. As grown HEMT material was fabricated finto Hall
bars. The material was then characterized by measurement of
2D EG number density and drift mobility. The material was
then irradiated at constant dose with electron energies
between 2.5 and 20 keV. Damage was assessed by changes in
the number density and mobility. The number density was
unchanged at all energies. No change in mobility occurred
for 2.5, 15, and 20 keV, however, a decrease in the mobility
occurred for energies from 5.0 to 12.5 keV. Experimental
data agrees with our theoretical model of the electrons
energy loss as & function of {ts’ path length. Primary
energy loss mechanism for higher energy electrons, E > 1
keV, 1s ionization of the stopping medium, while for low
energy electrons single-particle and collective excitations
become important. Low gnergy results are explained by the
shallow penetration depth of the electrons. Lack of damage
at high energies is explained by low energy deposition rates
in the neighborhood of the 2D EG, and the increasing remote-
ness, with respect to the 2D EG, of the high damage areas.
The damage is explained in terms of the creation of single
Frenkel pairs, and thus {is analyzed in terms of a single-
vacancy and/or interstitial atom. After RTA at 450°C for 30
seconds, the damage effects were reduced or eliminated.

A9.53

ION IMPLANTATION INDUCED_EFFECTS AT POLYSILICON] QAE
FEATURE EDGES. M. G. Sunson '=. P. L. ! and C. M. Osburn =;

! Microelectronics Center of North Caroling (MCNC). P.O. Box 12889. Research
Tnangle Park, North Carolina 27709: - Dept. of Electncal and Computer
Engineenng. North Carolina State University. Raleigh, Nonh Carolina 27695-
7911,

Recently. an enhanced leakage associated with ion implantation at pol_v_silic_on
gate edges has been reported (1). In this study. TEM and SIMS characterization
have been done (o supplement electncal measurements in order to better under-
stand the degradation. SIMS, XTEM. and TRIM anaiyses of arsenic implants
through 7 nm gate oxides show considerable ion mixing. A roughening of the
underlying silicon subswate leads 10 asperities which are believed to play an
important role in enhancing leakage (2). XTEM analysis of a polysilicon gare
edge also reveals the effects of volume expansion associated with the incorpora-
100 of both dopant and knock-0a oxygen.

1. M. Stinson. and C. Osburn. submitted for publication.

2.D.J. DiMana, and D.W. Dong. J. Appl. Phys.. Vol. 51, No. 5, (1980).

A9.54

FAST TRANSIENT ANNEALING OF NEUTRON
TRANSMUTATION DOPED InP, F,P. Korshunov,

E.A, Kudriavtseva, N. A. Sobolev, T. A, Prokhorenko,

N. G. Kolin. Institute of Solid State and Semiconductor
Physics, 220726 Minsk, ul. P. Brovki, 17, USSR

Indium atoms have a very large capture cross section
for thermal neutrona, This leads to the necessity of

performing neutron transmutation doping (NTD) of A B
semiconductors with A_=In in the shape of wafers d

not of ingots, The moit convenient procedure of radia-
tion defect (RD) removing in the bulk of single wafers
is the fast transient annealing (FTA). In the paper we
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present investigations of defect annealing and impurity 100 keV implantation (typically 100 - 200 nm). At doses exceeding a
activation in NTD InP in the course of FTA by means certain threshold dose blisters were observed on the sample surface. It
of tungsten halogen lamps. InP crystals with NTD level wasfound that blistering starts as soon as the nitrogen peak concentration
of 7.8E17 cm=3 have been used. Photoluminescence reaches that in the nitrogen-richest nitride, i..33 at.% N for Fe (Fe;N)
(PL) and Hall effect measurements have been performed and 50at.% N for Ti (TiN).

at 4.2 K and in the range 77...300 K, respectively,
o Furthermore, niride precipitation was studied as a function of temperature
At FTA temperatures T2600°C PL emerges and carrier  during implantation. RBS was used to follow the evolution of the nitride

concentration n starts to grow monotonically. The PL concentration profile as a function of dosc and XRD was applied to
spectrum consists essentially of two broad bands - an  Imomr the different nitride phases formed. XRD was also used to
exciton band with the intensity 1(ex) and donor- accep— the residual stress before and after implantation, by using the d -

tor recombination band 1{da). The ratio Rel(da)/ I{eyx) sin‘yy method. Although large volume chmqq,sg:ip beneath the sample
and n increase simultaneously and saturate at T»750 C, surface, associated with high dose (>5 x 10°'/cm®) MeV implantation,
The absolute value of 1{ex) rises up to T#800°C and  Couldin general induce large stress fields, only small changes in stress
tnen starts to drop. The eleciron mobility u increases were observed, both for Fe and Ti. For all different implantation
with T in the range 600...750 C rapidly and at T>750°C conditions un upper limit of average smress change in a surface layer of
only slowly. The values of R, I{(ex}, n, u and of com- about 2 um was found to be 10 MPa.

pensation ratio obtained under optimum FTA conditions

are the same as in the case of standard furnace A9.57

annealing under equilibrium phosphorus vapour pressure. .
CHARACTERISTICS OF METAL-p -GaAs SCHOTTKY

The processes of defect annealing and electrical acti- BARRIER JUNCTION FORMED BY FOCUSED-~ION-BEAM

vation of the main transmuted impurity Sn are discussed. IMPLANTATION Nobuo Watanabe, Takeo Tsukamoto
and Masahiko Okunuki, Canon Research Center, 5-
1, Morinosato-Wakamiya, Atsugi-shi, Kanagawa,

A9.55 Japan
ITTICTS OF LASER SURFACE MELTING ON STRUCTURE CEARACTER +
ANT ERCSION RISISTANTE OF PLASMA~SPRAYZD CERAMIC COATINIS. We have investigated to form a metal-p*-Gahs
Jn—!h: Sun, Tianjin Institute of Technologzy, Hong Qi Nan Schottky barrier junction for our new cold
R;&‘lo Yan Kai Dietrict, Tianjin 300131, Peoples Repubdlic cathode (GaAs avalanche type)l’, which has a
of China, small p*-region fabricated by focused-ion-
Alunina and zirconia powders vere pl sprayed onto _ beam(!‘{?) impl;ntation. The sample is
blasted steel substractes using a commercial EOKW are Be (1x101%atoms/cm®) doped epitaxial layer grown
placma-sprayednit. A 2XW (O, contimious wave laser was used by MBE on 7°off-sliced (100)GaAs wafer. The
to trezt some of plasma~spreyed specimens, The micro- conditions of accelerating voltage, ion beam
:;orphology;dni:;osmotum and crystalline characters of diameter and current density are 40kV(Be%),
aser celt unprocessed plasma-sprayed ceranic ocea- 0.2um and 0 4A/cm2, res i
. ined . . . ’ pectively. After the
tmg -vere with electron microscope and X-ray implantation, the sample is encapsulated with
q z.-sg.ometgr. The solid particles erosion tests were Si02 and annealed at 850°C for 1l-min, Thin
“"mz. 1e ":utq::r:zronting :’l‘d:”h"l type erosion Aluminum film is evaporated to form the Schottky
ﬂode- ed sand of 150 to 200un in diameter was barrier junction. The Schottky barrier heights
‘;gvt ’.’[,Om; erodent. The particles impact velocities from decrease gradually from 0.62 to 0.56V and the
-0 & were used. Results of this study bave shown ideal factors increase from 1.09 to 1.19,
that lascr surface melting has produced microstymoture followin the dos from 8x1012 to
chax!u and significant improvement in solid particle ex ° g es ¥
sion resistance of plasma-sprayed ceramic coatings. Ero- 2x1014ions/cm?. These phenomena are reasonable
sion mechanisms of ceramic coatings were investigated. variations for the Schottky barrier junction in
the high doped region. It is confirmed that the
In plassa spray process, the coating is buil up particle Schottky barrier junction can be formed on the
by particle; oach particle is frozen before the next per- surface under the FIB implantation with the high
ticle ;?rﬁ.:u. This results in a layered str.octure and current density.
fﬁf‘,f’;; the plasoa spraye coatin s, therefor, tre l)second International Conference on Vacuum
ion merlanims are mainly cicro-lazelle spalling. Microelectronics, July 1989, Bath, England.

lLade - zrlting resulted in coalescence and porogity reduc-
tion -f plasrs~sprayed ceranic coatings, therefor, increa-
sing tardness and erosion resistance of the oeramic coa~ A9.58

tings. STUDY OF Hf DIFFUSION IN a-~2r USING RtllTHERFORD "
BACKSCATTE§ING SPECTR?METRY. F.Dymer;t . M.Behar-.,
A9.56 P.L.Grande?, E.Savinol, and F.C.Zawislak*.

CTU 1) Comissién Nacional de Energia Atomica, Buenos
rl{lc’l?&s;gl;’n A‘;«'};"ﬁgﬁ%ﬁ&g‘r mcgg Aires, 2) Ingtituto de Fisica, UFRGS, 91500 Porto
:'b\;’. lSolsiss.sI;OAlz’hsﬂmte fm\tﬁuﬁcmmo}:cﬁmphwc& Kruislaan Alegre, Brasil.

M msterdam, The Netherlands; N.M. v.d. Pers, Th.H. de . . . o ; 4 Zr alloys is
Keijser, P.F Colijn and EJ. Mi ijer, Laboratory of Metallurgy, Delft The diffusion of impurities in 2r an e )\:orks

emeijer, . of
iversi hnol otterdamsewe The of importance in auclear technology. :
&xmof‘rec ogy. R § 137, 2628 AL De have shown anomalous diffusion pehaviours in oa-2r

ag well as in the a-phases of the other group IV A

Nivogen don i known techniq modify ; elements, Ti and Hf. A recent study of self dif-
properties mm‘&ﬁwmmmﬁ.&n mﬁ‘, :;l, fusion in a-2r single crystall showed an Arrhenius
energy, typically 100 keV, nitrogen beams are used. In this paper we will plot curved downwards with decreasing temperature,
focus on the application of 1 MeV nitrogen beams, which modify much corresponding to an increase of the activation en-
thicker surface regions than 100 keV beams. nergy (Eat) from 1.2 eV at about 1100 X to 3.5 eV

at ggo K. More recently the diffusion coefficients
1t is shown that the hardness increment due to 1 MeV implantation is of °9IFe impurity in a-2Zr single crystal were measu-
much larger than that due to 100 keV implantation. This may be attributed red in the same range of temperatures. Again a si-
10 the formation of nitrides (as observed with XRD), which are milarly curved Arrhenius plot was obtained, but the
distributed over a much larger depth (typically 1 im) than in the case of
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diffusion coefficients of Fe are 10% times larger
than the self-diffusion ones.

The present contribution reports on measurements
of the diffusion coefficients of Hf in a-Zr single
crystal via the RBS technique. Films of 200 have
been deposited on Zr and ennealed at a pressure of
10-7 Torr. Our preliminary results also display a
curved Arrhenius plot, the Eat increasing from
about 0.5 ev at 1100 K to 2.5 eV at 800 K. In ad-
dition our data show that at 1100 the diffusion
coefficients of Hf are a factor 10¢ smaller than
the self diffusion, but at 800 K both are equal.

1. J.Horvath et al., J. Nucl. Mat. 126 (1984) 206.
2. H.Nakajima et al., Phyl. Mag. 58B (1988) 319.
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A9.59

COOPERATIVE BEHAVIOR IN AN ELECTRON STIMULATED T1-
Ba-Ca-Cu-0 SUPERCONDUCTOR. J. P. Zhang and L.
D. Marks, Center for Surface Radiation Damage
Studies, Department of Materials Science &
Engineering, Northwestern University, Evanston IL
60208.

In this work we present an instantaneous phase
transformation observed in T1,Ba,Ca,Cu,0,,, which is
produced by electron beam irradiation at 300 kv
when the beam flux reaches 100%15 A/cm’. The
remained products had been identified as CaCu0, and
Ba0 by means of high resolution electron
microscopy. The volume change and exhaustion of
thallium from the transition area occurs in less
than 1/30th of a second indicating a cooperative
behavior in the electron stimulated (T1-0), blocks.
These results have been analyzed by treating the
ground and excited states in an ionic crystal as
the two states required in a Ising problem, then
using the Bragg-Williams approximation to give a
statistical estimation of the possibility of a
phase transition. This theoretical model predicts
the existence of a flux threshold, which is in
qualitative agreement with

the experimental results.

A9.60
THE INTERACTION OF INERT GAS IONS WITH ADSORBATE-COVERED
CRYOGENIC SURFACES. Patricia M. George, Johm M. Lindquist,

Daryl L. Mossman, Gencorp Aerojet Electrosystems Co., P.O.
Box 296, Azusa, Ca. 91702

We have studied the interaction of inert gas jon beams
with  adsorbate-covered,  cryogenic optical  surfaces.
parameters necessary to optimize removal of different
adsorbates from Beryllium and gold-coated substrates will be
presented. Mechanisms for the ion-adsorbate interaction and
removal process will also be discussed. The experiments
cover a range of ion beam voltages, currents etc. for neon,
argon and helium with mirror temperatures ranging from room
temperature to 25K +/-5K. Adsorbate species include water,
ammonia, hexane and variable mixtures of these gases. All
jon beam experiments were performed in an ultra-high vacuum
system, with a base pressure of 1 x 10730 torr. During the
jon bombardment the pressure rose to 1 x 1077 torr.
Adsorption and removal were monitored by X-Ray Photoelectron
Spectroscopy. lon-adsorbate reactions were also studied as
2 function of angle of incidence of the beam.

On reactive surfaces, such as Beryllium, argon ion
beams were found to induce chemical reactions as Tow as
160K. As expected, at the lower temperatures argon gas
condenses on the mirror surfaces. However, if these argon
jons were provided with sufficient kinetic energy, e.g. SkeV
the adsorbed gas could be removed, Neon and helium did not
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stick and the data show that neon promises to be the best
choice for removal of adsorbed species at the lower surface
temperatures. The results also indicate that thermal
mechanisms may be important in the removal process when
surface temperatures reach 25K.

Al0.1 ABSTRACT NOT AVAILABLE

Al0.2

FREEZING IN SILICON AT LARGE UNDERCOOLING
A.Polman, P.A. Stolk and W.C. Sinke, FOM-Institute AMOLF,
P.O. Box 41883, 1009 DB Amsterdam, The Netherlands

We have studied the motion of a Si liquid-solid interface under conditions
of extreme undercooling. From measurements of the interface response
function, which relates the freezing velocity to the temperature, it was
possible to discriminate between kinetic models describing freezing in
crystalline silicon (c-Si).

High-energy ion implantation was used to produce amorphous Si layers
buried in a c-Si matrix. These structures were irradiated with a pulsed
ruby laser. Transient reflectivity and conductivity measurements as well as
channeling and cross-section TEM show that the buried layers can be
crystallized via “epitaxial explosive crystallization”. Crystallization
velocity data were obtained using transient interference techniques and
interface temperatures were derived from computer simulation.

The data show that the crystallization rate is remarkably constant at ~ 16
m/s over the entire temperature range from 150 to 225 K below the
equilibrium melting point of ¢-Si. These data are compared with transition
state theory (TST), diffusion limited freezing (Wilson-Frenkel) theory and
a recent theory which takes into account the large density difference
?f;\;;)c)n solid and liquid Si (P.M. Richards, Phys. Rev. B38, 2727

Best agrecment between theory and experiment is found using the latter
model, which suggests that local transient density fluctuations at the
freezing interface influence solidification on an atomic scale. A Wilson-
Frenkel type formulation or a TST with an activation energy for the
transition state of 0.6 ¢V are alternatives which however do not fit the data
as well. An important implication of all three models is that the interface-
limited freezing velocity in c-Si can never exceed = 16-18 m/s,

Al0.3

TRANSIENT CONDUCTANCE MEASUREMENTS OF §O-
LIDIFICATION VELOCITIES OF ELEMENTAL METALS.
Harry A. Atwater”, J.A. West, Patrick M. Smith, M.L Aziz,
Division of Applied Sciences, Harvard University, Cambridge
MA; J.Y. Tsao and P.S. Peercy, Sandia National Laboratories,
Albuquerque NM; and Michael O. Thompson, Department of
Materials Science and Engineering, Cornell University, Ithaca
NY.

We have performed nanosecond-resolution measurements of the
lateral electrical resistivity of metal thin films on insulating sub-
strates. Although the change of resistivity on melting of metals
is much smaller than in Si, it is large enough to be detected by
the transient conductance technique.

Comparison of transient conductance measurements with opti-
cal reflectivity measurements and heat-flow calculations permits
the determination of the position and velocity of a planar crys-
tal/melt interface during pulsed laser melting of metals such as
Al Ni, and Fe. This diagnoestic should be useful in a number of
techniques of solidification groceasing of Fure metals and alloys,
*present ress: 1 , Cahifornia Institute o nology,

Pasadena CA.
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Al10.4

OBSERVATION OF PULSED LASER-INDUCED MELTING
OF SOLID SURFACES BY OPTICAL SPIN ORIENTATION.
A.Vaterlays. M. Lutz, D. Guarisco, M. Aeschlimann, M. Stampanoni,
and F. Meier, Laboratorium fiir Festkdrperphysik, ETH Honggerberg,
8093 Ziirich, Switzerland.

Critical laser pulse energies for melting solid surfaces are accurately
determined using the method of optical spin orientation. In this experiment
electrons are optically excited 10 a spin-polarized final state. The polarization
is given by the symmetry of the lattice. Upon melting, the structural
disorder reduces the spin polarization to zero. By measuring the spin
polarization of optically oriented photoel ns information on the
structural order of a thin surface sheet (10 - 20 A) is obtained.

Melting of the sample surfaces was achieved using laser pulses of 20 ns
and 70 ps duration. For Sn the polarization vs. pulse energy shows a step-
function like behavior for both pulse durations with the discontinuity at the
melting temperature. From the similarity of the two curves it is concluded
that the structural disorder is established on a time-scale short even with
respect 10 20 ps. Positive ion emission starts at pulse energies close to but
slightly below those where the drop of the polarization occurs.

An analogous experiment on p-doped Ge shows a qualitatively different
dependence of the polarization vs. energy for the 30 ps and 20 ns pulses.
Whereas for the 30 ps pulses the polarization is still at its low-intensity
value at the onset of positive ion emission, the polarization of the electrons
excited with 20 ns pulses vanishes for encrgics an order of magnitude
lower than necessary for mehing. Structure-unrelated electronic processes
of ns-relaxation time are responsible for this phenomenon.

Al10.5

SUB-MELTING LASER INDUCED GRAIN GROWTH. S.A,
Aiyria, C.V. Thompson, Department of Materials Science
and Engineering, Massachusetts Institute of Technology,
Cambridge, MA.

The control of the microstructure of polycrystalline
semiconducting thin films on insulator is of importance
in establishing their electrical properties for several
device applications. in this study, grain growth is
thermally induced without melting by a CW Ar-ion laser
(A=0.514um) in 1000A CVD deposited polysilicon films
encapsulated by SigN4. With irradiation times on the

order of minutes, it is shown that it is possible to
create and determine a steady-state temperature below
melting, within the regime of grain growth.

A thermal model is developed to account for grain sizes
seen at different laser powers. A direct relation is
found between incident beam power and the
steady-state temperature achieved within the film.
The fit to experimental data is excellent.

The ability to reproducibly create a desired
temperature in a small region can be used to tailor the

microstructure of individual devices containing
polycrystalline layers.

Al0.6

PULSED LASER MELTING OF INTERMEDIATE Cu-Zn PHASES.

D. M. Follstaedt and P. S. Peercy, Sandia National
Laboratories, Albuquerque, NM; and J. H. Perepezko,
University of Wisconsin, Madison, WI.

We report quantitative studies of rapiéd melting and
solidification in the Cu-Zn alloy system. In contrast to

most metals, the reflectance of Cu-Zn alloys increases upon
melting. This novel behavior decreases the energy
absorption upon melting, leading to well controlled molten
layer thicknesses over a wide range of laser power without
laser-induced damage. This feature, combined with the
several distinct phases (stable and metastable) in Cu-Zn,
offers a unique opportunity to study competition between
resolidification of the initial phase and nucleation of
metastable phases.

Melting and solidification were studied for y-brass alloys
(61 to 66.5 wt.& Zn) and B-brass (45.5 wt.$ Zn) irradiated
with 30 ns pulses at 694 nm. Melting was observed above
~1.0 and 3.0 J/cmz, respectively, for the two phases. The
absorbed energy was measured calorimetrically and the
increased reflectance of the liquid was used to measure the
melt duration. The large difference between solid and
liquid reflectances, e.g., from 0.83 to 0.89 for v-brass
with 66.5 wt.% 2Zn, yielded a well-defined melt onset and
termination in the transient reflectance signature. These
measurements, combined with the known thermodynamic
parameters, permit quantitative characterization of the
surface melting. In addition, microstructural (TEM)
analysis of the phases which solidify will be presented.

This work supported by the U.S. Department of Energy under
contract number DE-AC04-76DP00789 and by a Faculty Research
Travel Appointment from Associated Western Universities.

Al0.7

LASER MIXING OF TITANIUM ON SILICON CARBIDE. T,
R, Jervis, J-P. Hirvonen, M. Nastasi, and M. R. Cohen,
Materials Science and Technology Division, Los Alamos
National Laboratory, Los Alamos, NM 87544

We have used excimer laser surface processing to melt and
mix single Ti layers into the surface of polycrystalline SiC sub-
strates. The mixing of Ti into the surface is very rapid and
efficient. Examination of Rutherford backscattering (RBS)
data shows the formation of a preferred composition at the Ti-
substrate interface which propagates from the interface with
further mixing. Reconstruction of the RBS spectrum indicates
that a uniform layer of composgition Ti4sC37Si,s is formed on the
surface with full mixing. X-ray diffraction demonstrates the
formation of crystalline phases of Ti silicides and possibly
carbides. Profiling of C in both mixed and uncoated samples
by 5 MeV He* scattering demonstrates that laser processing of
the SiC does not cause major changes in the stoichiometry of
the substrate material.

Al0.8

TEMPERATURE MEASUREMENT BY INFRARED TRANSMIS-
SION FOR RAPID THERMAL PROCESSING APPLICATIONS -
LC. Sturm, P.V. Schwartz, and P.M. Garone, Dept. of Electrical
Engineering, Princeton University, Princeton, N.J. 08544

We here report a new non-invasive optical technique for the
measurement of absolute temperature of silicon wafers in a rapid
thermal processing environment. Absolute measurement of tempera-
ture has alway been a difficult problem in rapid thermal processing
systems. The traditional method, pyrometry, can give different
results depending on what emissivity is used, and extreme care must
be taken to avoid measuring radiation from the lamps. Pyrometry
becomes even more difficult at low temperatures (800 - 700°C) since
longer wavelengths are required. The problems are compounded
when a quartz-walled chamber is used to contain a resctive gas
species, as in epitaxial growth applications, because quartz is fairly
opaque to wavelengths beyond 3 um.

It is well known that as temperatyre increases the bandgap of
silicon decreases and that its infrared transmission decreases.
Because of the indirect gap, the absorption changes fairly gradually
with photon energy st a fixed temperature. We have used these
principles to measure silicon wafer temperature in a RTP system
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with quartz walls by monitoring optical transmission at 1.5 um.
Modulating the light at high frequency makes the system immune to
interference from the heating lamps. We now use this method for
routine temperature monitoring from 400 to 800°C, with resolution
on the order of one degree centigrade. Other temperature ranges are
accessible with different wavelengths. Data for low temperature
(<800°C) growth rates of epitaxial silicon and silicon-germanium
using this system will be presented. This work has been supported
by NSF and ONR.

Al0.9

METASTABLE GE-SN ALLOY LAYERS PREPARED
BY PULSED LASER MELTING. LT.H. Chang, B.
Cantor, Department of Metaliurgy and Science

of Materials, University of Oxford,Parks Road,
Oxtord OX1 3PH, UK; and A.G. Cullis, Royal
Signals and Radar Establishment, Si. Andrews
Road, Malvern, Worc. WR14 3PS, UK.

Ge has a diamond cubic crystal structure while

Sn exists in both the diamond cubic(a) and body
centred tetragonal (8) allotropic forms. The

solid solubilities between Ge and Sn are very
small according to the equilibrium phase diagram.
This paper describes an investigation of the
manufacture of metastable crystalline microstru-
ctures in Ge-Sn alloys, using a variety of novel
processing techniques. The main technique which
has been studied is pulsed laser meiting and

this has been compared with other techniques,
including melt-spinning and thermal co-evaporation.
Cross-sectional and planview transmission electron
microscopy have been used to characterise the
microstructures of the different Ge-Sn alloy
samples, with alloy compositions determined by
energy-dispersive x-ray microanalysis. The variety
of different metastabie Ge-Sn alloy microstructures
are discussed in details as a function of
manufacturing technique and processing conditions.

Alo.10

CHARACTERIZATION OF PULSED LASER BEAM MIXED
AuTeGaAs OIIMIC CONTACTS. K. Wuyts, R.E. Silverans,
Phys.Dept. K.U.Leuven, Leuven; and M.Van Hove, M.Van Rossum,
Interuniversity Microelectronics Center, Leuven, Belgium.

The formation of AuTe ohmic contacts on GaAs by pulsed laser beam
mixing bas been studied. Mexallization of the GaAs was done by
successive deposition of 500 Te and 1200 A Au films on (100)
oriented GaAs by resistive heating evaporation. Laser beam mixinf of
the layered structures was performed by focussed, visible as well as
UV pulsed Nd:Yag—laserlight using single and multiple pulses with
power densities (P4) ranging from 40 MW/cm? to 800 MW /cm? per
pulse. For comparison, short—time furnace alloyed (t=15s) contacts
were prepared in a graphite strip heater at alloy—temperatures
300°C < T, < 550°C.
The transformation from Schottky to ohmic type contacts as a
function of Py, number of pulses or alloy—temperature was monitored
by I-V measurements; the development of the interdiffusion of the
contact constituents was observed by RBS-analysis using a
3 MeV He** beam. The onset of ohmicity, resp. for 5 pulses of
P4 =40 MW/cm? and for Ty ~ 500°C, was governed by a similar
interdiffusion behaviour; the laser beam mixed contacts however
showed a strikingly narrower intermixed layer. The minimum values
of the contact resistivities for the laser beam mixed AuTe contacts
were equivalent to the furnace annealed AuTe contacts (as well as to
identically processed AuGe contacts) ; however the morphological
nuality o7 the laser contacts was far superior.

microscopic Mdssbauer spectroscopy characterization revealed the
formation of Au Ga;Tey structures; the doping level
distribution was critically dependent upon the P4— or T,—values at
conditions around the onset of ohmicity. These observations were
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confirmed by XRD-measurements. The results of both macroscopic
and microscopic analysis are combined to discuss the nature of the
ohmic contacts in terms of possible conduction through a formed
graded—heterostructure.

Al0.11

MELTING OF ION IMPLANTED AND RE-
LAXED AMORPHOUS SILICON M.G.Grimaldi
and P.Baeri, Dipartimento di Fisica, Corso Italia 57,
195129 Catania,ltaly; G.Baratta, Istituto di Astronomia,
viale A. Doria, 195100 Catania, Italy

The melting temperature of ion implanted and re-
laxed amorphous silicon has been determined. Structural
relaxation was induced by thermal treatment at low tem-
perature (300, 400 and 500 °C) and was evaluated from
the Raman linewidth of the transverse optic phonon in
amorphous silicon. Pulsed laser itradiation (A=347nm,
7=20ns) has been used to induce surface melting in the
amorphous layers and time resolved reflectivity to detect
the melting onset. The threeshold energy density for
surface melting in the as-implanted amorphous is 10%
lower than that of the relaxed one. Since this threeshold
depends on thermal conductivity we have precisely deter-
mined this parameter and a unique value of 0.013 W /(cm
K) was found for both as-implanted and relaxed amor-
phous silicon. A comparison of the experimental results
with heat flow calculations directly yields a melting tem-
perature of 1450125 and 1600+25 K for the as-implanted
and relaxed amorphous silicon respectively. The differ-
ence in the melting temperature is consistent with the re-
duction in the internal energy of the relaxed amorphous
as extimated from Raman spectrometry.

All.1

MARTENSITIC TRANSFORMATIONS IN ION IMPLANTED
STAINLESS STEELS. E._lohnson, Physics Laboratory, University
of Copenhagen, Denmark.

Using jon implantation it is possible to induce martensitic trans-
formations in austenitic stainless steels, where the implanted layer
will undergo an fcc () = bec (a) transformation. The paper
will review the various contributions to the driving force for the
transformation. Stress provides the dominant contribution, while
implantation-induced alloying only plays a significant role, when
the composition obtained in the implanted layer directly favours
formation of martensite. Implantations with noble gases — includ-
ing helium — therefore provide very high transformation efficiency.
The transformations resemble conventional martensitic transforma-
tions in stainless steels. Low nickel steels such as AISI 304 and 316
transform easily during implantation, while no transformation is
observed in high nickel steels such as AISI 310.

The martensite content of the implanted layer and its extention
in depth has been studied with several depth sensitive techniques:
Cross-sectional TEM, energy selective CEMS and RBS/channeling
analysis of single crystals. Formation of martensite starts at the
surface and extends to larger depth with increasing ion fluence.
The extent of the transformed layer coincides with the tails of the
implant distributions, and the 9/« interface is rather sharp.

All.2
HARDNESS-DAMAGE CORRELATIONS IN Ta IMPLANTED
SINGLE CRYSTAL NijAl. Gary S, Was, Departments of

Nuclear Engineering and Materials Science and
Engineering, University of Michigan, Ann Arbor,MI;
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and S$.Mantl, Institut fir Schicht-und
Ionentechnik, KFA Jiilich, D-5170 Jiillich, FRG.

Implantation of Ta into single crystal NijAl was

conducted to determine whether this would be an
effective means of producing surface hardening in
monolithic alloys. Ta was implanted at 400 keV to

doses of 0.7, 3.6 and 25.2 x 105i/cm? along the
<100> axis of a <100> crystal of Ni,Al at room

temperature. Composition vs depth profiles were
made using RBS and lattice damage was analyzed
using ion channeling. Surface hardness was
measured using the ultra-low load indentation
(nanoindentation) technique. Results show that the
implanted surface is softer than the unimplanted
surface (by 5-10%), and the hardness profile is
extremely uniform over the depth of implantation
(<90 nm). The minimum yield increases from 3% to
about 30% and the half angle decreases from 0.74°
to 0.66°. However, neither the surface hardness
nor either of the channeling parameters show any
dependence on dose even though the highest dose is
a factor of 35 times the lowest. Following
annealing at 1000°C for 1 hr, the surface hardness
increases slightly over the as-implanted samples,
the minimum yield recovers to 3-5% and the half-
angle remains essentially the same. Softening is
attributed to disordering of the structure which
is partially compensated by the introduction of
defects and the impurity.

All.3

IRRADIATION-INDUCED AMORPHIZATION AND SHEAR ELASTIC
INSTABILITY IN INTERMETALLIC COMPOUNDS. J, Koike *,
P. R. Okamoto, L. E. Rehn, R. Bhadra, M. H.
Grimsditch, Materials Science Division, Argonne
National Laboratory, Argonne, IL 60439; and M
Meshii, Department of Materials Science and
Engineering, Northwestern University, Evanston, IL
60208.

Previously some of us had reported a dramatic (~ SO
%) decrease in shear modulus prior to amorphization
in Kr irradiated 2r3Al, and proposed that
amorphization is triggered when the crystalline
‘attice becomes unstable against shear stress. In
the present work, the zelation between
amorphization and shear instability has been
further investigated in additional compounds (FeTi,
CuTi, NiAl) during room temperature irradiation
with 1.7-MeV Kr. A shear modulus was measured using
Brillouin scattering; structural information was
obtained in situ in a high voltage electron
microscope interfaced to a tandem accelerator.
During irradiation of FeTi and CuTi, chemical
disordering and a large (~ 40 8) decrease of shear
modulus were observed, and amorphous phase
developed subsequently. In contrast, NiAl remained
chemically ordered, and exhibited only ~ 10 &
decrease in shear modulus. Hence, these results
provide further support for a shear instability
mechanism for irradistion-induced amorphization.

* Present address: Center for Materisls Science, Los Alamos
National Laborstory, Los Alamos, NM 87545.

The work supported by DOE W-31-109-ENG-38 and DMR-8411178.

All.4

THE EFFECT OF MICROSTRUCTURE ON THE MORPHOLOGY AND
KINETICS OF AMORPHIZATION INDUCED BY ION IRRADIATION.
DR.E. Pedraza and P.J. Msziasz, Metals and Ceramics Division,

Osk Ridge National Laboratory, Osk Ridge, TN 37831-6376

NiTi was irradiated with Ni ions in order 10 study the rate of
amorphizstion ss a function of tempersture and to determine the
temperature cutoff for this transition. A series of irradiation to various
doses were conducted at different temperatures, from ambient up to
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350°C. The irradiated specimens were observed by transmission electron
microscopy. As expected, the kinetics slow as the tempersture is
increased. The fraction of material that becomes amorpbous after
irradiation at 250°C to & dose of 0.7 dpa is estimated to be 5 to 10%.
Specimens irradiated at higher temperatures remain crystalline, even after
doses as high as 4dpa.

Prior to irradiation, the specimens were given a thermal treatment which
produced a high volume fraction of martensite. However, martensite
entirely reverts to B2 within jess than 20 minutes upon annealing st
80°C. Thus, during irradiation at temperatures of 80°C and sbove, all the
specimens were entirely sustenitic. Irrespective of the irradiation
temperature, we found a very non-uniform distribution of amorphous
regions that exhibited a morphology closely resembling the shape of prior
(or, at room temperature, present) martensitic plates. These observations
are discussed in terms of the effect of structural defects on the kinetics
of amorphization.

*Research sponsored by the Division of Materials Sciences, U.S.
Department of Energy, under Contract DE-AC05-840R21400 with Martin
Marijetta Energy Systems, Inc.

All.5

EXTENDED SOLID SOLUTION FORMATION IN THE TI-CO-NI
SYSTEM. David A. Lilienfeld and P. Borgesen
Cornell University, Ithaca, N.Y.

A reasonable criterion for an alloy to form an
amorphous phase during ion mixing is the presence
of a complex phase at that composition. One such
system is the Ti-Co-Ni system in which there
exists a complex phase at the composition
Ti,(Co,Ni). Since this phase has a 96 atom unit
cefl, it is highly probable that room temperature
ion mixing should produce an amorphous phase.
Multilayer samples were fabricated. Surprisingly
the diffraction patterns of the as-deposited
samples consist of broad lines with an FCC
structure. Room temperature ion mixing does not
amorphize these samples but produces material with
sharper diffraction lines than the as-deposited
samples.

lon irradiations carried out at liquid nitrogen
temperature produced samples which contained a
mixture of amorphous and crystalline structures
but could not completely amorphize the samples.
Elevated temperature jon mixing was performed. For
substrate temperature below 300°C, the FCC phase
remained. A 400°C irradiation produced the stable
Ti,(Co,Ni) structure. Composition and substrate
tefiperature dependence of the FCC phase will be
discussed in terms of a model which assumes

that the FCC phase is a metastable extension of
the high temperature Ti phase.

All.6

CHARACTERIZATION OF HIGH-DOSE CARBON-ION-
IMPLANTED AND ANNEALED Nb.* [, S, Huang, Lawrence
Livermore National Laboratory, Livermore, CA

Polycrystalline n'?bium as implanted with 200-keV C* ions to a total
fluence of 7x10!7 per cm? (maximum C content ~45 at%). Auger
¢lectron y analysis showed variation in C distribution of 545
% within a depth of ~3800 A. Glancing-angle X-ray diffraction and

transmission electron microscopy (TEM) analyses were conducted to
characterize the phases and microstructures formed. Results indicated that
a subsurface fcc NbC layer was formed, but neither the hep or the
orthorhombic phuereponedintheequilibﬁumphlsedi:g?mms
formed. The phase has a minimum composition of about 36 at.% of
thichiswtﬁdeﬂnmichim%ofﬂwaCphuerepatedintbe
ectlcilibﬁumNb-Cphuedhmm preference for formation of the
NbC was discussed in terms of change of chemical free energy and strain
energy associated with phase transformation.

The relation between the subsurface NbC layer and the
Nb matrix was analyzed with TEM diffraction analysis. Analysis




results suggested that the transformation from the C-supersaturated bee
Nb lattice to the fcc NbC lattice was a Bain deformation that is typically
observed in a diffusionless marnensitic ransformation.

Implanted samples were also annealed at temperatures of 973-1273 K. It
was found that the NbC subsurface layer transformed into NbyC particles
that had an hep crystal structure; the crystallographic relation between the
Nb matrix and the NbzC particles corresponded to that observed in the
conventionally processed materials.

* Work performed under the suspices of the U.S. Departmeni of Energy by the Lawrence
Livermore National Laboratory under Contract W-7405-Eng-48.

All.7

STRENGTHENING OF ALUMINUM BY OXYGEN IMPLANTATION:
EXPERIMENTAL RESULTS AND MZ:HANICAL MODELING.

Roy ,\. Bourcier, Samuel M. Myers, and David M. Folistaedt, Sandia National
Laboratories, Albuquerque, NM; and Dougias H. Polonis, University of
Washington, Seattle, WA.

The influence of oxygen implantation on the mechanical properties of
aluminum has been evaluated using ultra-low load microhardness indentation
testing. A new approach has been empioyed 10 quantity the strength of the
implanted layer in which the hardness data is combined with large-strain finite-
element modeling of the resulting detormation. TEM techniques have been
empioyed to characterize the microstructures atter implantation and
subsequent annealing. The implantation was performed at energies ranging
from 25 to 200 keV to produce a flat oxygen concentration profile to a depth
of ~ 500 nm; oxygen concentrations ranging from 5 to 20 at.% were
investigated. Microhardness measurements were conducted on as-
implanted Al ang on specimens subsequently vacuum annealed at 723 and
823 K 1o produce dense distributions of Al2O3 precipitates 2-5 nm in
diameter. The analysis shows that the flow stress of the implanted layer in the
annealed specimens increases with oxygen content, reaching a valse of ~
1200 MPa for the 20 at.% composition, i.e. more than twice the strength
level of conventional high strength Al alloys. The as-implanted, unannealed
material exhiblts even greater strength levels due 1o the high supersaturation
and defective structure resulting from excess oxygen in solution. The
strengths of the anneaied material caiculated from indentation measurements
are in general agreement with vaiues predicted on the basis of applying
existing modeis for coherency and dispersion hardening to the observed
microstructures.

This work was performed at Sandia National Laboratories and supported by
the United States Department of Energy under Contract No. DE-AC04-76-
DP00789

All.8
ION BEAM INDUCED PERCOLATION CLUSTERING IN
Al-Fe-Cu ALLOY FILMS, C.H.Shang and B.X.Liu(a)

Department of Materials Science and Engineering,
Tsinghua University, Beijing 100084, CHINA; (a)
also at Center of Condensed Matter and Radiation
Physics,CCAST (World Lab.), Beijing.

Percolation clustering was observed in an Al-Fe-
Cu alloy film, that had been irradiated by 180

keV xenon ions to a dose of 6x1015 Xe/cmz at I.N2

temperature, but not otherwise. At this critical
dosage, the diffraction patterns of the percola-
tion clustering showed strong diffuse bands, in-
dicating that amorphous structure dominated the
examined film. The bright field image of the per-
colation clustering was digitized with an M750
(VAX) image processor. The fractal dimension of
the infinite cluster was calculated to be D=1.88
+0.06, and the percolation threshold was Pc=0.60
+0.03. These values are all in good agreement
with the theoretical predictions. The percola-
tion structures were thought to be formed during
a crystalline-to-amorphous phase transition.

This paper presents the detailed experimental
results and the possible mechanism responssible
for the formation of fractal structures in the
ion irradiated alloy films.

All.9

UNUSUAL MICROSTRUCTURES OF A METASTABLE CRYS-
TALLINE PtsTiso ALLOY UNDER ION BOMBARDMENT.
Y. L. Chen, Y.-T. Cheng, J. V. Mantese, and A. B. Catalan, General
Motors Research Laboratories, Warren, Michigan 48090-9055.

A metastable nanocrystalline PtgoTiso alloy of an average grain
size 2 nm was obtained by e-beam evaporation from two sources of
Pt and Ti onto a single-crystal NaCl substrate at room temperature.
This thin film PtgoTiso alloy was then bombarded by 400 keV Kr*+
to doses § x 10%° and 10'® Kr/cm? at room temperature. Transmis-
sion electron microscopy shows that, instead of ion beam induced
amorphization or ion beam induced grain growth, the nanocrys-
talline PtgTiso underwent unusual microstructural changes under
ion bombardment: while maintaining the same crystal structure and
an average grain size of 2 nm, the PtgoTiso thin film appeared to
expand along the directions perpendicular to the ion beam direction,
causing large ripples of sub-micron to micron sige to develop. The
origin of this unusual microstructural evolution under ion bombard-
ment is being investigated.
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SESSION Bl
Chairs: Anthony F. Bernhardt
Wednesday Morning, November 29
Salon E (M)
8:30 *B1.]

NOVEL PHOTOIMAGING SCHEMES AT POLYMER SUR-
FACES, Gary Taylor, AT&T Bell Laboratories,

Murray Hill, NJ.

9:00 *Bl.2
X-RAY LITHOGRAPHY FOR THE 1990’s...REAL OR
NOT?, A. Wilson, IBM Research Division, T.J.
Watson Research Center, Yorktown Heights,
NY.

9:30 *
PULSED UV LASER PROCESSING FOR ULTRAHIGH-
SPEED DEVICE TECHNOLOGY, T.W. Sigmon,
Stanford University, Stanford Electronics
Laboratory, Stanford, CA; Xurt H. Weiner,
Lawrence Livermore National Laboratory,
Physics Department, Livermore, CA; Paul G.
Carey, Siemens, AG., Corporate Research and
Technology, Munich, West Germany.

10:00 BREAK

10:30 Bl.4

TIME-RESOLVED REFLECTANCE MEASUREMENTS OF
THE MELTING OF METAL DEPOSITS DURING CON-
TINUOUS-WAVE LASER-INDUCED CHEMICAL VAPOR
DEPOSITION, a . mita, IBM Almaden
Research Center, Polymer Science and Tech-
nology Department, San Jose, CA; Peter E.
Price Jr., University of Minnesota, Dept. of
Chemical Engineering and Materials Science,
Minneapolis, MN; and Toivo T. Kodas, Univer-
sity of New Mexico, Department of Chemical
and Nuclear Engineering, Albuguerque, NM.

10:45 Bl.5
IN SITU MEASUREMENT OF PULSED LASER INDUCED
CARRIER GENERATION IN DOPED SILICON FILMS,

T. Sameshima, M. Hara and S. Usui, Sony
Research Center, Yokohama, Japan.

11:00

SURFACE CHEMISTRY OF DIMETHYLALUMINUM HY-

DRIDE AND TRIMETHYLALUMINUM ON ALUMINUM,
and Paul B. Comita, IBM

Almaden Research Center, San Jose, CA.

*Invited Paper

Short Course P-12, "Photon-Controlled
Processing for Microelectronics,"™ and F-02,
"pPlasma Etching for Microelectronic Fabrica-
tion,” may be of interest to symposium
attendees. Details regarding course dates
and instructors are provided in the short
course section of this program.
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11:15 Bl1.7
THE INTERACTION OF LASER-GENERATED METHYL

RADICALS WITH Cd, Te, AND CdTe FILMS, J.J.
Zinck, G.L. Olson, P.D. Brewer and J.E.
Jensen, Hughes Research Laboratories, Mali-
bu, CA.

11:30 Bl1.8

MECHANISM OF CHROMIUM DEPOSITION BY UV LASER
LIGHT, Rainer Nowak and Peter Hess, Univer-
sity of Heidelberg, Institute of Physical
Chemistry, Heidelberg, West Germany.

11:45 Bl.9
SELECTIVE SURFACE MODIFICATION OF FLUOROCAR-
BON RESIN USING EXCIMER LASER, Masayuki
Okoshi and Masataka Murahara, Tokai Univer-
sity, . Faculty of Engineering, Hiratsuka,
Kanagawa, Japan; and Kouichi Toyoda, Riken,
The 1Institute of Physical and Chemical
Research, Wako, Saitama, Japan.

ON H
Chair: Jerry G. Black
Wednesday Afternoon, November 29
Salon E (M)

1:30 *B2.1
LASER SELECTED AREA PROCESSING FOR "CRO-
ELECTRONICS APPLICATIONS, Shunji Kishida and
Yukio Morishige, NEC Corporation, Opto-
Electronics Research Laboratories, Kawasaki,
Japan.

2:00

VISIBLE-WAVELENGTH LASER PHOTODEPOSITION OF
COBALT INTERCONNECTS, M. Rothschild, J.H.C.
Sedlacek, D.C. Shaver, and D.J. Ehrlich,
Lincoln Laboratory, Submicrometer Technology
Department, Lexington, MA; S.N. Bittenson,
D. Edwards Jr. and N.P. Economou, Micrion
Corporation, Peabody, MA.

2:15 B2.3
LASER-INDUCED CHEMICAL VAPOUR DEPOSITION OF
INORGANICS /ORGANOMETALLICS FOR MICROELEC-

TRONICS APPLICATIONS, J.G. Black, H.B.
Harrison, P.C. Junk, A.E.W. Knight, R.I.
McKay, C.L. Raston, Griffith University,
Div. of Science and Technology, Brisbane,
Australia.

2:30

HIGH DEPOSITION RATE DIRECT WRITING OF AL ON
Si, H.W. lLee and S.D. Allen, University of
Iowa, Center for Laser Science and Engineer-
ing, Iowa City, IA.

2:45
LASER CHEMICAL VAPOR DEPOSITION OF W ON Si
AND SiO,/Si, Jian-Yang Lin, Chung Cheng
Institute of Technology, Department of
Electrical Engineering, Taiwan, China; S.D.
Allen, University of Iowa, Center for Laser
Science and Engineering, Iowa City, IA.
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3:00 BREAK

3:30 *B2.6
SELECTIVE AREA DEPOSITION BY ELECTRON BEAM
ASSISTED DECOMPOSITION IN ADSORBED MOLECULAR
LAYERS, F. Bozs¢o, IBM T.J. Watson Research
Center, Yorktown Heights, NY.

4:00
SELECTIVE EPITAXY OF (Al,Ga)As AND (Al,Ga)As
BASED STRUCTURES, T.F. Kuech, M. Goorsky and
R. Potemski, IBM T.J. Watson Research Cen-
ter, Yorktown Heights, NY.

4:15 B2.8
PATTERNING OF GaAs/AlGaAs WAFERS BY FOCUSED
ELECTRON-BEAM INDUCED CHLORINE ETCHING AND
SUBSEQUENT MBE GROWTH, M. __Taneva, Y.
Sugimoto, H. Hidaka, K. Akita, Optoelec-
tronics Technology Research Laboratory,
Tsukuba, Japan.

4:30 B2.9

EXCIMER LASER-INDUCED DEPOSITION OF GaN, A.
Kobayashi, T. Asai, S. Kawal and P.J. Chong,
Osaka University, The Institute of Scien-
tific and Industrial Research, Osaka, Japan.

4:45

HOLOGRAPHIC PATTERN ETCHING OF SILICON=-
CARBITE BY EXCIMER LASERS, Masataka
Murahara, Masaru Yonekawa, and Kouichi
Shirakawa, Tokai University, Faculty of
Engineering, Hiratsuka, Kanagawa, Japan.

Chair: Susan D. Allen
Thursday Morning, November 30
Salon A/B (M)

8:30 *B3.1
LASER-BASED AREA-SELECTIVE PROCESSING FOR
HIGH-DENSITY INTERCONNECTS, Y.S. Liu and
H.S. Cole, G.E. Corporate Research and
Development Center, Schenectady, NY.

9:00 B3.2
LASER DIRECT WRITING OF OPTICAL INTERCON=-
NECTS IN POLYIMIDES AND SiOZ:Tioz COATINGS,
D.W. Hewak and H. Jerominek, National Optics
Institute, Sainte-Foy, Canada.

9:15
SELECTIVE AREA DEPOSITION OF CONDUCTING
PALLADIUM FILMS ON POLYIMIDE RESINS, Yoon-Gi
Kim, S. Bialy, R. Miller, J.T. Spencer and
P.A. Dowben, Syracuse University, Center for
Molecular Electronics, Departments of Phys-
ics and Chemistry, Syracuse, NY.

9:30 Bl.4

UV EXCIMER LASER INDUCED DEPOSITION OF
PALLADIUM FROM SPIN-ON PALLADIUM-ACETATE
FILMS, Hilmar Esrom and Georg Wahl, Asea-
Brown-Boveri ABB-CRH, Eppelheimer Strasse,
Heidelberg, West Germany; and Michael Stuke,
Max-Planck-Institut fdr biophysikalische
Chemie, Géttingen, West Germany.

9:45 B3.5
SELECTIVE CHEMICAL VAPOR DEPOSITION OF
TUNGSTEN ON LASER-WRITTEN PRENUCLEATION
PALLADIUM PATTERNS, Oliver Gottsleben and
Michael Stuke, Max-Planck-Institut fir
biophysikalische Chemie, Géttingen, West
Germany.

10:00 BREAK

10:30 B3.6

ANOMALOUSLY DEEP STRUCTURES PRODUCED BY III-
V MATERIALS BY COMBINED FOCUSED ION BEAM
IMPLANTATION AND DRY ETCHING, Llovd R.
Harriott, Henry Temkin and Yuh-Lln Wang,
AT&T Bell Laboratories, Murray Hill, NJ.

10:45. B3.7

ULTRAHIGH VACUUM COMPATIBLE HALOGEN ETCHING
PROCESS FOR SEMICONDUCTOR SURFACES, Andrew
Freedman and Charter D. Stinespring, Center
for Chemical and Environmental Physics,
Aerodyne Research, Inc., Billerica, MA.

11:00 B3.8

CONTROL OF ETCHING RATE IN LASER-CHEMICAL
REACTION OF Mn-Zn FERRITE BY MeV ION IMPLAN-
TATION, Y.F. Lu, Mikio Takai, and S. Namba,
Osaka University, Faculty of Engineering
Science and Research Center for Extreme
Materials, Osaka, Japan.

11:15

PRECURSORS TO PHOTO-ABLATION OF SODIUM
TRISILICATE GLASS DUE TO UV EXCIMER IRRADIA-
TION, P.A. Eschbach, L.T. Dickinson S.cC.
Laﬂgford, Washlngton State University,
Physics Department, Pullman, WA; and L.R.
Pederson, Battelle-Pacific Northwest Labora-
tory, Richland, WA.

11:30 B3.10

X-RAY PHOTOEMISSION INVESTIGATION OF EXCIMER
LASER-INDUCED ETCHING OF InP, R. Matz and J.
Meiler, Research Laboratories of Siemens AG,
Department ZFE F1 FKE 32, Minchen, West
Germany: and D. Haarer, Universitidt Bay-
reuth, Department Experimentalphysik 1V,
Bayreuth, West Germany.

11:45

SELECTIVE ETCHING AND PHOTO-BLEACHING 1IN
THIN AMORPHOUS Ge-Sb~-S FILMS, Evdokia B.
Savova and Boyill I, Pashmakoff, Institute
of Solid State Physics, Sofia, Bulgaria.



12:00
ULTRAFAST
ABLATION AND ETCHING OF POLYMETHYL METHA-

Bl.1l2
IMAGING OF ULTRAVIOLET LASER

CRYLATE, Bodil Braren, R. Srinivasan, Kelly
G. Casey, and Mildred Yeh, IBM T.J. Watson
Research Center, Yorktown Heights, NY.

Chair: Thomas F. Kuech
Thursday Afterncon, November 30
Salon A/B (M)

1:30 *B4.1
SELECTIVE SILICON EPITAXY FOR ADVANCED DRAM
STRUCTURES, G, Bronner, IBM T.J. Watson

Research Center, Yorktown Heights, NY.

2:00
SURFACE REACTION MECHANISMS IN SELECTED AREA
EPITAXY OF II-VI’s, S.J.C. Irvine, H. Hill,
J.E. Hails, S.J. Barnett and J.B. Mullln,
Royal Signals and Radar Establishment,
Worcestershire, United Kingdom.

2:15 B4.3
NOVEL STACKED CMOS PROCESS BY LOCAL OVER-
GROWTH, René P._ 2ingg, B. Ho6fflinger, In-
stltute for Microelectronics, CMOS Technol-
ogy, Stuttgart, West Germany; and G.W.
Neudeck, Purdue University, Electrical
Engineering Department, West Lafayette, IN.

2:30 B4.4
LASER ASSISTED MOLECULAR BEAM EPITAXY
(LAMBE) GaAs ON SILICON PHOTODETECTORS, A.
Cchristou, N.A. Papanicolaou, and G.W.
Anderson, Naval Research Laboratory, Surface
Physics Branch, Washington, DC.

2:45 B4.S
LASER SELECTIVE AREA EPITAXY FOR THE IN-
TEGRATION OPTOELECTRONIC STRUCTURES, H. Liu,

J.C. Roberts, J. Ramdani, and S.M. Bedair,
North Carolina State University, Electrical
and Computer Engineering Department, Ra-
leigh, NC.
3:00 B4.6
INDUCED SURFACE CHEMICAL EPITAXY,

LASER

X and Andrew Freedman,
Center for Chemical and Environmental Phys-
ics, Aerodyne Research, Inc., Billerica, MA.

3:15 B4.7
LASER PROCESSED SILICIDES FOR GAAS HEMTS,
W.T. Anderson, A. Christou, Naval Research
Laboratory, Surface Physics Branch, Washing-
ton, DC; C. Michelakis, G. Kiriakidis,
Research Center of Crete, Heraklion, Greece.

3:30 BREAK
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4:00 B4.8
MASKLESS FORMATION OF TUNGSTEN FILM BY ION
BEAM INDUCED DEPOSITION TECHNIQUE, Zheng Xu,
Keniji Gamo and Susumu Namba, Osaka Univer-
sity, Faculty of Engineering Science, Osaka,
Japan.

4:15
NANOLOTHOGRAPHY BY STM ON Rbg 3MoO;, A
CONDUCTING OXIDE, G. Rudd, D. Novak S.
Wang, S.H. Garofalini and
Rutgers University, Laboratory for Surface
Modification and Center for Ceramics Re-

search, Departments of Chemistry and Phys-
ics, Piscataway, NJ.
4:30

COMBINING ELECTRON AND ION BEAM TECHNIQUES
FOR THE PRODUCTION OF BURIED SINGLE-CRYSTAL
METALLIC WIRES, S.D. Berger, Julita E.
Woroniecka, H.A. Huggins, Alice E. White,
K.T. Short, and D. Loretto, AT&T Bell Labor-
atories, Murray Hill, NJ.

4:45 B4.11
THE ROLE OF ADSORPTION AND VAPOR PRESSURE IN

FOCUSED ION BEAM INDUCED DEPOSITION OF
CARBON FILMS, S.J. Kirch, IBM General

Technology Division, East Fishkill, Hopewell
Junction, NY; and D.E. Seeger, IBM T.J.
Watson Research Ctr., Yorktown Heights, NY.

5:00
LASER ABLATION AND PLASMA HYBRID TECHNIQUE
FOR DEPOSITING MULTILAYERED STRUCTURES, J.
A7 , S. Sharan, and J. Narayan,
North Carolina State University, Raleigh,
NC; and O.W. Holland, ©Oak Ridge National
Laboratory, Solid State Div., Oak Ridge, TN.

Chair: Christopher Moylan
Thursday Evening, November 30
7:00 p.m. - 10 p.m.
America Ballroom (W)

A NEW MODEL OF POLYMER PHOTOABLA-
TION KINETICS, Sylvain Lazare, and Vincent
Granier, Unlversité de Bordeaux I, Labora-
toire de Photophysique et Photochimie Moléc-
ulaire, Talence, France.

BS.2 A PROCESS MODEL FOR REACTIVE ION
ETCHING AND STUDY OF THE EFFECTS OF MAG-
NETRON ENHANCEMENT, M. Meyyvappan, Scientific
Research Associates, Inc., Glastonbury, CT.

B5.3 SILICON FILM AS A NEW ETCHING MASK
FOR InP DEVICES, X.S. Wu, Shanghai Institute
of Metallurgy, Academia Sinica, Shanghai,

B5.1

China: Shuojin Wang, Zhejiang University,
Hangzhou, China; Zhangde Lu, Shanghai In-
stitute of Metallurgy, Academia Sinica,

Shanghai, China; and Jun Chen, Fudan Univer-
sity, Institute of Materials Science, Shan-
ghai, China.
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B5.4 ETCHING OF GAAS ON AlGaAs IN RIE-
MODE, G. Kaufel, E. Olander, Fraunhofer-
Institut fir Angewandte Festkérperphysik,
Freiburg, West Germany.

BS.5 COPPER VAPOR LASER USED IN ETCHING
AND DEPOSITION, Beldacem Haba, Brian W.

Hussey, Arunava Gupta and Robert J. Baseman,

IBM T.J. Watson Research Center, Yorktown
Heights, NY.
B5.6 DOWNSTREAM ETCHING OF GaAs AND InP

USING MOLECULAR CHLORINE AND CHLORINE RADI-
CALS David G. Lishan and Evelyn L. Hu, Uni-
versity of California, Santa Barbara, Elec-
trical and Computer Engineering Department,
Santa Barbara, CA.

B5.7 COMBINING SPONTANEOUS MOLECULAR
ASSEMBLY WITH MICROFABRICATION TO PATTERN
SURFACES: COORDINATION CHEMISTRY OF FUNC-
TIONALIZED ISONITRILES TO Pt SURFACES, J.J.

Hickman, C. Zou, D. Ofer and M.S. Wrighton,
Massachusetts 1Institute of Technology,
Department of Chemistry, Cambridge, MA; P.
Laibinis, €. Bain and G.M. Whitesides,
Harvard University, Department of Chemistry,
Cambridge, MA.

HOLLOW COLD CATHODE ION SOURCE FOR
REACTIVE ION-BEAM ETCHING, A.]l. Stogniij and
V.V. Tokarev, BSSR Academy of Sciences,
Institute of Solid State and Semiconductor
Physics, Minsk, USSR.

BS5.9 LASER INDUCED FORWARD TRANSFER FOR
THE DEPOSITION OF PATTERNED HIGH Tc SUPER~-
CONDUCTOR THIN FILMS, E. Fogarassy, C.
Fuchs, and S. De Unamuno, CRN, Laboratoire
PHASE, Strasbourg, France; and J. Perriere,
Université de Paris VII (G.P.S. de 1‘ENS),
Paris, France.

B5.10 DIRECT EVIDENCE FOR THE CREATION OF
MICROPORES 1IN UV-IRRADIATED POLY (METHYL
METHACRYLATE), J.A. Moore and J.-0O. Choi,
Rensselaer Polytechnic 1Institute, Polymer
Science and Engineering Program, Troy, NY.

B5.11 REACTIVE ION ETCHING OF In-BASED
III-V SEMICONDUCTORS-COMPARISON OF Cl AND
C,Hg CHEMISTRIES, S.J. Pearton, U.K.
Chakrabarti, F.A. Baiocchi, and W.S. Hobson,
AT&T Bell Laboratories, Murray Hill, NJ.

BS5.12 ELEVATED TEMPERATURE REACTIVE ION
ETCHING OF GaAs AND AlGaAs IN CoHg/Hy, S.d,
Pearton, W.S. Hobson, AT&T Bell Labora-
tories, Murray Hill, NJ; and K.S. Jones,
University of Florida, Gainesville, FL.

BS.13 CHARACTERIZATION OF SIDEWALL RESI-
DUE FILM AND ATOMIC STRUCTURE OF THE TRENCH
FORMED BY BCI3/Cl, REACTIVE ION ETCHING, Sun
Jin Yupn and Young-Jin Jeon, Electronlcs and
Telecommunications Research Institute,
Semiconductor Technology Division, Daejeon,
Korea; Jeong Y. Lee, Korea Institute of
Technology, Daejeon, Korea.

B5.14 SUBSTRATE HEATING EFFECTS IN EX-
CIMER LASER PLANARIZATION OF ALUMINUM,
Robert J. Baseman and Joseph C. Andreshak,
IBM T.J. Watson Research Center, Research
Division, Yorktown Heights, NY.

B5,.15 WHOLE COMPOSITION RANGE DEPOSITION
OF THIN FILMS BY MAGNETRON COSPUTTERING AND
ITS APPLICATIONS, Qing-Ming Chen, Huazhong
University of 5c1ence and Technology, Wuhan,
China; Yu-Dian Fan and Heng-De Li, Tsinghua
University, Beijing, China.

B5.16 THE ETCHING OF Si(100) WITH 2a
MOLECULAR BEAM OF F,;, K.B. Laughlin, M.
McGonigal, D.J. Gladstone, M.T. Schulberg
and S.T. Ceyer, Massachusetts Institute of
Technology, Department of Chemistry,
Cambridge, MA.

B5.17 SELECTIVE CHEMICAL VAPOR DEPOSITION
OF TUNGSTEN FILMS ON TITANIUM ION-IRRADIATED
SILICON DIOXIDE, H. OQkuhjra, S. Nishimatsu
and K. Ninomiya, Hitach, Ltd., Central
Research Laboratory, Tokyo, Japan.

B5.18 STATISTICAL INTERPRETATION OF IR AND

UV PHOTOABLATION, Ruediger Braun and Peter
Hess, University of Heidelberg, Institute of
Physical Chemistry, Heidelberg, West Ger-
many.

B5.19 THE EFFECTS OF SOURCE GAS, TEMPERA-
TURE AND PRESSURE ON THE SURFACE PLANARITY
AND MICROSTRUCTURE OF SILICON SEG AND ELO,
M.C. Arst; K.N. Ritz, J.T. Chen, S. Redkar,
Philips Research Laboratories, Signetics
Company, Sunnyvale, CA; J.0. Borland and J.
Hann, Applied Materials, Inc., Epi Applica-
tion Laboratory, Santa Clara, CA.

B5.20 IN-SITU CHARACTERIZATION OF CHEMICAL
VAPOR DEPOSITION, R, Scarmozzino, T.
Cacouris, and R. M. Osgood Jr., Columbia
University, New York, NY.

B5.21 EDGE ENHANCED INTERLAYER DIFFUSION
IN Al/Hf /Al VLSI METALLIZATION, X.S. Guo and
W.A. Lanford, State University of New York
at Albany, Albany, NY; and K.P. Rodbell,
IBM-East Fishkill, Hopewell Junction, NY.

B5.22 LASER WRITING OF HIGH PURITY GOLD
LINES, M. Jubber, J.I.B. Wilson, J.L.
Davidson, P.A. Fernie, P, John, Heriot-watt
University, Riccarton, Edinburgh, Scotland.




B5.23 PHOTOSTIMULATED DEFECT-IMPURITY
REACTIONS DURING ION BOMBARDMENT OF S1, Alex
B. Danilin, Yuri N. Erokhin, v;ggtg: N,
Mordkovich, Institute of Microelectronics
Technology and Superpure Materials, USSR
Academy of Sciences, Moscow, USSR.

SESSION B6
Chair: Mordechai Rothchild
Friday Morning, December 1
Salon A/B (M)

8:30 *B6.1
GENERATION OF BLIND VIA-HOLES FOR A HIGH
DENSITY MULTI-CHIP-MODULE USING EXCIMER
LASERS, Friedrich G. Bachmann, Siemens AG,
Corporate Production and Logistics Depart—
ment, Munich, West Germany.

9:00 B6.2
UV LASER-INDUCED ETCHING OF FIRST-ROW TRAN-
SITION METALS, G.W, Tyndall, IBM Almaden
Research Center, San Jose, CA.

9:15 B6.3
PHOTOCHEMICAL AREA-SELECTIVE ETCHING OF Si

AND 8102 USING SYNCHROTRON RADIATION,
Junichi Takahashi, Yuichi Utsumi and Tsuneo
Urisu, NTT, LSI Laboratories, Kanagawa,
Japan.

9:30 B6.4

EXCIMER LASER-ASSISTED ETCHING OF SILICON
USING CHLOROPENTAFLUOROETHANE, S.D. Russel,
and D.A. Sexton, Naval Ocean Systems Center,
Solid State Electronics Division, San Diego,
CA.

9:45 B6.5
LOCALIZED LASER-ASSISTED ETCHING OF COPPER
FIIMS BY CHLORINE USING RAMAN SPECTROSCOPY
FOR IN-SITU FILM ANALYSIS, Hua Tang and
Irving P. Herman, Columbia University,
Department of Applied Physics and the Micro-
electronics Sciences Laboratories, New York,
NY.
10:00 BREAK

10:15 6.6

SELECTIVE TUNGSTEN CVD ON A-SI:H BY PULSED
UV LASER MODIFICATION OF THE NATIVE OXIDE,

, K.V. Reddy, Darrell L.

Wuensch and Jeff T. Niccum, Amoco Technology
Company, Technology Division, Naperville,
IL; and Gerry W. Zajac, Amoco Corporation,
Analytical Division, Naperville, IL

10:30 B6.7
WAVELENGTH-DEPENDENT AREA SELECTIVITY 1IN
PHOTOCHEMICAL VAPOR DEPOSITION OF ALUMINUM
FILMS, Mitsugu Hanabusa and Masahi Ikeda,
Toyohashi University of Technology, Toyo-
hashi, Japan.

== e
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10:45

KrF EXCIMER LASER INDUCED DEPOSITION OF
TITANIUM FROM TicCl, R. Izguierdo, M.
Meunier and C. Lav01e, Ecole Polytechnlque
de Montreal, Groupe des Couches Minces et

Département de Génie Physique, Montréal,

Canada.

11:00

SELECTIVE RAPID THERMAL CVD OF GERMANIUM,
, M.C. Ozturk, J.J. WOrtman,

North Carolina State University, Department

of Electrical and Computer Engineering,

Raleigh, NC; Y. zhong, Liaoning University,

Physics Department, Liaoning, China; D.

Batchelor, and P. Russell, North Carolina

State University, Department of Materials
Science and Engineering, Raleigh, NC.

11:15 B6.10
LASER-INDUCED LOCAL DECOMPOSITION OF AD-
SORBED TUNGSTEN FLUORINE MOLECULES FOR METAL

DEPOSITION ON SILICON, G. _Auvert, D.
Tonneau, and Y. Pauleau, C.N.E.T., Meylan,
France.

11:30 B6.11

EXCIMER LASER INDUCED DEPOSITION OF TUNGSTEN
FROM W(CO) AND WFg, B. Rager and F.
Bachmann, Silemens AG, Corp. Production and

Logistics Department, Munich, West Germany.

11:45 B6.12

DIRECT WRITING OF COPPER LINES USING ND:YAG
LASER AND COPPER FORMATE PRECURSCRS,
Heinrich G. Miller and Siegfried Schuler, TU
Berlin, Forschungsschwerpunkt Mikroperi-
pherik, Berlin, West Germany.

Chair: Robert Rosenberg
Friday Afternoon, December 1
Salon A/B (M)

1:30 *p7.1
LASER-INDUCED FORMATION AND SURFACE PROCESS-
ING OF HIGH-TEMPERATURE SUPERCONDUCTORS,

D.W. Bauerle, Angewandte Physik, Johannes-
Kepler-Universitat, Linz, Austria.

2:00 BZ.2
LASER PATTERNING AND ELECTRICAL PROPERTIES
OF SUBMICROMETERS LINES OF Y-Ba-Cu-0, J.P.
zZheng, Q.Y. Ying, H.S. Kim, D.T. Shaw and
H.S. Kwok, State University of New York at
Buffalo, Institute on Superconductivity,
Buffalo, NY.

2:15
PULSED EXCIMER LASER ABLATION FOR THE DEPOS-
ITION OF YBaCuO AND BiSrCaCu®0 COMPOUNDS:
MATERIALS DISTRIBUTION AND STOICHIOMETRY, ¢,
Fuchs and E. Fogarassy, CRN, Laboratoire
PHASE, Strasbourg, France.



2:30 B7.4
(ABSTRACT WITHDRAWN)

2:45 BREAK

3:00 B7.5
TUNABLE UV LASER DECOMPOSITION OF GAS PHASE
AND SURFACE ADSORBED ORGANOMETALLICS, Thomas
Beuermann, Yanping Zhang, and Michael Stuke,
Max-Planck-Institut fir biophysikalische
Chemie, Gottingen, West Germany.

3:15 B7.6
LOW TEMPERATURE INTERLEVEL SiOz-LAYERS BY
PHOTOINDUCED PROCESSING, H. _Sigmund, A.
Klumpp and G. Springholz, Fraunhofer-In-
stitute for Solid State Technology, Munchen,
West Germany.

3:30
PHOSPHORUS DOPING INTO SILICON USING Arfr
EXCIMER LASER, A, Slaoui, E. Foulon, E.
Fogarassy, and P. Siffert, Laboratoire
PHASE, C.N.R.S., Strasbourg, France.

3:45 B7.8

ROLES OF GAS PHASE AND SURFACE PHOTOLYSIS IN
LCVD FROM Fe(CO)s, Xu Xin, Institute for
Atomic Energy Research, Beijing, China and
Massachusetts Institute of Technology,
Department of Chemistry, Cambridge, MA; and
J.I. Steinfeld, Massachusetts Institute of
Technology, Department of Chemistry, Cam-
bridge, MA.

4:00 B7.9
ROOM TEMPERATURE PHOTO-OXIDATION OF HYDRO-
GENATED SILICON-CARBON ALLOYS, P. John, I.M.
Odeh, A. Qayyum and J.I.B. Wilson, Heriot-
Watt University, Riccarton, Edinburgh,
Scotland.

4:15 B7.10
MECHANISM OF SELECTIVE AREA GROWTH OF ALUMI-~-
NUM BY ORGANOMETALLIC CHEMICAL VAPOR DEPOSI-
TION, Krishnan Raghavachari, G.S. Higashi,
and M.L. Steigerwald, AT&T Bell Labora-
tories, Murray Hill, NJ.

4:30 B7.11
METAL DEPOSITION WITH INCOHERENT EXCIMER
RADIATION, Hilmar Esrom, Asea-Brown-Boveri
AG, Corporate Research Heidelberg, Heidel-
berg, West Germany; and Ulrich Kogelschatz,
Asea-Brown-Boveri AG, Corporate Research
Baden, Baden, Switzerland.
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Bl.1 ABSTRACT NOT AVAILABLE

Bl.2

X-RAY LITHOGRAPHY FOR THE 1990’s..REAL OR NOT?
Alan D. Wilson, IBM Rescarch Division, T. J. Watson Rescarch
Center, P. O. Box 218, Yorktown Heights, New York 10598,

X-Ray Lithography has been a technology that was slated to be
uscd at the limits of Optical Lithography and this was to be at the
onc micron or so minimum fecature size which the industry reached
in about 1986. X-rays arc not used today so what happencd and
will they cver be used to make VLS! chips? To answer the first
question is very casy...optical lithography did not reach its limit.
To answer the sccond question is more difficult and that will be the
goal of this paper, and, it will be shown that waiting for optical
lithography to reach its limit may be the wrong thing to do. In ad-
dition to the usual resolution enhancements, x-ray lithography offers
potential advantages in (1) yield, (2) process simplicity (and thus
cost), and (3) chip size.

WHAT IS X-RAY LITHOGRAPHY?

X-ray lithography is a proximity printing proccss using ~10 A x-
rays. Resolutions of 0.1 micron have been demonstrated in a num-
ber of laboratories around the world and a large, relative to optical
lithography, depth of focus has been obscerved as well as 100%
process latitude. This process latitude is an cxcellent attribute and
has a significant role in the apparent insensitivity of x-rays to dc-
fects and exccllent linewidth controf achicved with x-rays. X-ray
lithography does not employ any optical clements between mask
and wafer which could limit the field size as in optical lithography.
Chip or ficld size is limited by mask defect density or overlay. In-
trinsic exposing rates, determined by the ratio of x-ray power to re-
sist sensitivity, is on the order of 10 cmi?;sec. - a very suitable rate
of exposure for manufacturing.

B1.3

PULSED UV-LASER PROCESSING FOR ULTRA-HIGH-SPEED DEVICE
TECHNOLOGY. W, Si , Stanford University, Stanford,
CA; Kun H. Weiner, LLNL, Livermore, CA.; and Paul G. Carey,
Sicmens, Munich, FRD.

Progress in high-speed device technology is occuring by both scaling of
conventional devices, such as MOSFET and bipolar, and the
development of new device structures which take advantage of mmldi-
layer heterostructures. With scaling in the lateral dimensions producing
devices with dimensions approaching 0.1um, vertical scaling has become
a topic of concemn. This talk will focus on results obtained using pulsed
uv-laser doping and selective epitaxy which addresses several of the
problems faced in both the vertical scaling of junctions for silicon MOS
and bipolar structures and in the fabrication of selective heterostructure
layers. Following a brief historical overview and description of the
rocess, successful applications in the fabrication of submicron
OSFETs and narrow base bipolar transistors in silicon will be
g:esemed. Results, both structural and eiectrical, on the fabrication of
terostrucures layers in the Ge,Si; ., and InyGay.;As material systems
will be presented.

B1.4

TIME-RESOLVED REFLECTANCE MEASUREMENTS OF THE
MELTING OF METAL DEPOSITS DURING CONTINUOUS-WAVE
LASER-INDUCED CHEMICAL VAPOR DEPOSITION

Paul B. Comita, IBM Almaden Research Center, 650 Harry Road, San Jose,
CA 95120; Peter E. Price, Jr., Department of Chemical Eangineering and
MM Science, University of Minnesota, Minnespolis, MN 55455; and
Toivo T. Kodn.DepmmofChanhlmdNudaandnaﬁu,
University of New Meztico, Albuquerque, NM.

Weh'aveobmadmcprdnmdﬁmofmnkpldduﬁn;hm-wuad
cbem’edebpoiﬁon(wvmofpldondmﬁmnuﬁm.udhve
exmnnedlhoﬁmmlutionofihephnehm'withnﬂecm
measurements. The phase change has been observed when the continuous

wave laser light is modulated between aproximately 0.5 Hz and | Mhz, and
occurs with a substantial increase in emitted light at normal incidence to the .
laser-isradiated surface. This has been shown to be due to a change in the
reflected laser light normal to the surface of the metal deposit. During the time
the surface of a deposit is liquid or molten, the surface conforms to the
subummdunhﬁdmtﬁd\thmﬂqgedpﬁmaﬁlymmaltothcnufm.
When the surface of the deposit is a polycrystalline solid, the incident beam is
scattered and reflected light normal to the surface is reduced. The increase in
reflected laser light due to melting has been examined during the stationary
growth of a gold deposit during single pulses of laser light. The reflected light
at normal incidence to the surface has been determined as a function of laser
fluence, wavelength in a two color experiment, length of duty cycle, and
frequency of modulation. The laser light was modulated with a high power
electro-optic modulator with a 20 Mhz bandwidth. The influence of this
technique on the microstucture of gold deposited by LCVD has been
examined in detail by scanning electron microscopy.

Bl.5

In situ measurement of pulsed laser induced
carrier ganeration in doped silicon films.
T.Sameshima, M.Hara and S.Usui, Sony Research
Center,Yokohama,Japan.

Very fast carrier generation during laser
doping was established by transient conductance
measurements. A non-doped SOS film with Al
electrodes with a gap on the surface was coated
with a thin boron

film by decomposition of B,H
gas using glow discharge. The conductance cha%gg
of the silicon film between the Al electrodes was
measured when the silicon surface was melted by
irradiation with a pulsed XeCl excimer las.zer (30ns
FWHM) at an energy density of 1.0J/cm”. The
conductance associated with molten silicon first
increased, then decreased. In the resolidifice-
tion process, residual conductance caused by heavy
boron doping was measured. Condcutance was 0.0557q
at the termination of melt, which was determined
by the termination of high optical reflectivity
associated with surface molten state using time
resolve optical reflectivity measurements to be
400ns after irradiation had ceased. This result
indicates that the boron atoms diffused in the
molten silicon from the surface were activated
immediately after the molten silicon resolidified.
Transient conductance measurements also showed
that after the solidification, the conductance
increased monotonously with time to reach 0.118fq
at room tempperature. The increase of conductance
with time can be interpreted as the increase in
the nobility of carriers as the silicon film
cooled through heat diffusion to the underlying
substrate.

Bl.é
SURFACE CHEMISTRY OF DIMETHYLALUNINUNM
HYDRIDE AND TRIMETHYLALUMINUM ON

ALUMINUNM Danicl R, Stongin and Paul B. Comita, 1BM
Almaden Rescarch Center, 650 Harry Road, San Jose, CA
95120.

The  adsorption  and  reaction  pathwavs  of  both
dimethylaluminum hvdride (DMAH) and trimethylaluminum
(TMA) have bheen investigated on a polycrystalline aluminum
surface with temperature programmed  desorption,  Auger
clectron spectroscopy, and sccondary ion mass spectrometry.
DMAH is adsorbed on the aluminum surface at 90 K in its
monomeric, dimeric, and trimeric forms. TMA  adsorbs
primarily in the dimeric form and it desorbs from the aluminum
surface at about 190 K. Sccondary ion mass spectroscopy and
Auger clectron spectroscopy show that carbonaccous deposits
are left on the aluminum surfacc after TMA desorption. The
temperature programmed dcsorption of DMAH from the
aluminum surface results in the desorption of of DMAH dimer

D _"""—w'w
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and trimer between 195 and 255 K. TMA is found to desorb
as a rcaction product at 230 K when DMAH reacts on the
aluminum surface. This reaction channc! to form TMA, from
DMAH might provide a low temperaturc pathway for the
production of aluminum metal.

B1.7

THE INTERACTION OF LASER-GENERATED METHYL
RADICALS WITH Cd, Te, and CdTe FILMS. LI Zinck, G.L. Olson,
P.D. Brewer, and LE. Jensen, Hughes Research Laboratories, Malibu,
CA.

Methyl radicals have been shown to be important species for gas phase
(dry) etching of metal and semiconductor thin films. In this paper the
interaction of excimer laser-generated methyl radicals with Cd, Te, and
CdTe films is examined via'studies of the adsorption of methyl radicals
and desorption of reaction products from these surfaces in ultrahigh
vacuum. Methyl radicals were produced by ArF excimer laser (193 nm)
photodissociation of acetone molecules in a collisionless (molecular
flow) environment. A surface-parallel irradiation geometry was used to
dissociate the molecules in the gas phase without simultaneously
inducing a transient temperature increase at the surface. Thermal
desorption mass spectrometry and Auger clectron spectroscopy were
used to probe the surface chemistry of the undissociated parent molecule
and the photodissociation products. Enhancement of the yield of
desorbed metal alkyl reaction products was observed when the excimer
laser was used to dissociate the parent molecule; the enhancement factor
depended upon the substrate type, laser fluence and gas flux. The
surface desorption results for Cd, Te, and CdTe will be presented, a
mechanism which describes the interaction between the laser-generated
radicals and the surface will be described, and the implications of these
results for dry etching of metal and semiconductor thin films will be
discussed.

B1.8

MECHANISM OF CHROMIUM DEPOSITION BY UV LASER
LIGHT. Rainer Nowak and Peter Hess, Institute
of Physical Chemistry, University of Heidel-
berg, Im Neuenheimer Feld 253, D-6900 Heidel-
berg, F.R.G.

The deposition of pure chromium films at low
temperatures by LICVD is not only a challenge
from a scientific point of view, but also of
great interest for potential applications.
Therefore, the deposition process was studied
as a function of the important parameters such
as UV laser fluence and repetition rate, gas
flow, pressure, temperature etc. Nucleation and
growth of the film were monitored in situ by
measuring the transmission of a HeNe laser
beam.

Impurity incorporation into the deposited film
was determined by XPS analysis for different
chromium complexes as precursors and buffer
gases such as CO, rare gases and hydrogen.
These experiments yielded detailed information
on the variation of film composition, but also
on the deposition rate and machanism.

For higher buffer gas pressures the deposition
process is diffusion limited. Chromium atoms
and unsaturated complexes produced in the gas
phase by UV laser photolysis seem to play a
more important role for nucleation than for the
growth process. There is a strong influence of
surface chemistry on the chemical composition
of the deposited films and indications for a
catalytic activity of the surface.

Bl.9

SELECTIVE SURFACE MODIFICATION OF FLUOROCARBON
RESIN USING EXCIMER LASER.

M.OKOSHI, A graduate student of Faculty BEng.
Tokai Oniv.; M.Murahara, Faculty ot Eng. Tokai
Oniv., 1117 Kitakaname, Hiratsuka, Kanagawa,
259-12, JAPAN; K.TOYODA, Riken, The Iustitute
of Physical and Chenmical Research, 2-1
Hirosawa, Wako, Saitama 351-01, JAPAN.

Fluorocarbon resin is very stable nmaterial
chemically. Namely, it has chemical resistance
and heat resistance. However, this material has
no adhesion, and no affinity for oil or water.

So, we wish to report on the selective area
modification of the fluorocarbon resin using
ArF excimer laser beam and gaseous trimethyl
boron (B(CH3):). Then, ArF laser is irradiated
on these resin surface, it is possible to cut
the satrong C-F bond. Bven if this bond was
cut, it would recombine immediately for high
electronegativity of fluorine. Then, two kinds
of decomposition of B(CHs )» and (C-F:),; were
tried simultaneously by ArF laser irradiation.
So P atoms were pulled out by B atoms. And all
free positions F atoms were substituted by
methyl-radicals. By this photochemical
reaction,the surface of this resin' was turned
to oleophilic materials selectively.

In this experiment, the nost effective
experimental conditions are next; the fluence
of ArF laser beam was 25 aJ/cm? , pulse

repetition was 50 pps and irradiation time was

60 sec. And contact angle with oil was 0-10
degrees.

B2.1

LASER SELECTED AREA PROCESSING FOR

MICROELECTRONICS APPLICATIONS. Ehunii xjgh;dg
and Yukio Morishige, Opto-Electronics Researc
Laboratories, NEC Corporation, Kawasaki, Japan

Micron~scale

thin £ilm direct-patterning
technology has

a variety of applications in
microelectronics, Excellent refractory metal
patterning technologies of both projection
printing and direct writing have been developed
utilizing short pulse lager CVD, Promising
practical results have been obtained for
fhotomark clear defect repairing, LSI
nterconnection repaliring, LSI fallure analysis,
and TFY fabrication.

For mask repairing, projection printing of High
Quality micron-scale Cr film has been achiaved
using high repetition rate (~kHz) laser pulse
irradiation, 1In ISI interconnection application,
pulsed-laser-CvD direct}y written W line allows
large current flow (~10°mA), has sufficiently low
contact vreslstance (S0.50)) with Al
interconnections, and reveals high reliability of
passing aging test, These superior electrical
characteristics make this technology applicable
to a wide variaty of microelectronics devioes,
including MOS, bipolar and analog LSIs.

B2.2

VISIBLE-WAVELENGTH LASER PHOTODEPOSITION OF
COBALT INTERCONNECTS*, M. Rothschild,

J. B. C. Sedlacek, D. C. Shaver, and

D. J. Ehrlich, Lincoln laboratory, Massachusetts
Institute of Technology, Lexington, MA, and
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S. N. Bittenson,
N. P. Economou,

D. Edwards, Jr., and

Micrion Corporation, Peabody, MA

The deposition of cobalt films from Coz(CO)g
vapor has been developed. The new process is
notable in that it is initiated photolytically
with low-power visible argon-ion-laser
radiation, Cobalt films 0.1- to 2-um thick with
resistivities of 30-50 uQ-cm are deposited on
glass, silicon or polyimide substrates.

Scanning speeds for 0.5-um-thick films are

~100 um/s. We will discuss the current picture
of the deposition mechanism, as determined with
mass and infrared spectroscopies, and summarize
studies of the electrical and material
properties of the deposited films. We will also
describe the recent application of the process
to repair of flat panel displays.

* The lLincoln lLaboratory portion of this work
was sponsored by the Defense Advanced Research
Projects Agency and the Department of the Air
Force, in part under a specific program
supported by the Air Force Office of Scientific
Research.

B2.3

LASER-INDUCED CHEMICAL VAPOUR DEPOSITION OF INORGANICS/
ORGANOMETALLICS FOR MICROELECTRONICS APPLICATIONS. J.G.
Black, H.B. Harrison, P.C. Junk, A.E.W. Knight, R.I. McKay,
C.L. Raston, Division of Science and Technology, Griffith
University, Nathan 4111, Brisbane, Australia.

Inorganic/organometallic molecules have been targeted for
laser-assisted metal deposition onto silican surfaces using
the following criteria: Favourable handling characteristics,
ease of purification, sufficient vapour pressure for
deposition of practical quantities of metal, and specific

wavelength absorption characteristics to facilitate the laser-

induced dissociaticn process. The inorganic/organometallic
precursors are ideally required to undergo facile ligand-
metal bond rupture so that contamination of the deposited
metal by other reaction products (eg metal carbides) is
minimized. Generated volatile material devoid of metal atoms
is expected to be easily disposed without hindering the
primary l:-.er-induced deposition process.

In addition to deposition studies, photochemical mechanisms
are being investigated using laser photofragmentation
excitation spectroscopy, in consort with time of flight mass
spectrometry. These studies are being undertaken in an
attempt to design a more controlled experimental environment
using photochemically driven fragmentation rather than the
more commonly used thermolytic process.

Preliminary studies have succeeded in depositing thin lines
of highly conductive material, with apparently little
contamination. Precursors for the deposition of a range of
materials suitable for microelectronics applications
including aluminium, platinum and antimony are being
developed.

B2.4 ABSTRACT NOT AVAILABLE

B2.5

LASER CHEMICAL VAPOR DEPOSITION OF W ON Si AND
$i0a2/Si. Jian-Yang Lin, Dept. of Electrical
Engineering, Chung Cheng Institute of Technology,
Ta-Shi, Taiwan, R.0.C.; Susan D. Allen, The
U. of Iowa, Iowa City, IA 52242-1294, U.S.A.

Deposition of W on bare Si and native-Si0,/Si
substrates has been investigated in an laser
chemical vapor deposition (LCVD) system using
a highly focused visible 514.5 nm cw Ar laser
as the heat source. Temperature distributions
on the Si substrate induced by the laser beam

were calculated using a modified Lax formulation
to study the deposition kinetics. W deposits
on bare Si surface via the Si and/or H, reduction
of WF, were self-limited in the thickness to
200 - 600 X in both cases. Auger electron spect-
roscopic analysis showed that there was a trace
amount of Si on the as-deposited W surface.
Si-H bonds could be poisoning the further growth

of W. W deposits on native-Si0,/Si were only
obtainable via the H, reduction of WFg¢ in our
laser direct-write system. Our experimental

kinetic study indicated that HF desorption from

the surface is the rate-controlling step for
W deposition via the H, reduction of WFs . The
as-deposited W lines were 2 - 10 um wide, 0.2
- 6 um thick with resistivities of 11 - 56 ufl-cm,
depending upon the gas composition, the laser
power level, and the laser scan speed. The
growth rates of W lines achieved were as high
as 2.2 mm/s. The nucleation and growth of W
deposits have been observed with a high speed

real-time optical monitoring and gating system

as a function of the growth conditions.

B2.6

SELECTIVE AREA DEPOSITION BY ELECTRON BEAM
ASSISTED DECOMPOSITION IN ADSORBED MOLECU-
LAR LAYERS. F. Bozso, IBM Research Division, T. J. Watson
Research Center, P.O. Box 218, Yorktown Heights, N.Y. 10598

Selected area deposition of thin films and material structures is
possible with precise control over the material composition by
using low energy electron beams to induce reactions in adsorbed
molecular layers. Upon electron impact the
adsorbed/coadsorbed molecules decompose into reactive species
resulting in growth of a surface film. The composition of the film
reflects that of the adsorbed molecular layer, which at cryogenic
temperatures can very sensitively be controlled by the partial
pressure of the reactant gases. We present detailed studies of the
adsorption, co-adsorption and thermal and electron-beam in-
duced dissociation of disilane, ammonia, nitric oxide, oxygen and
decaborane on Si(100) and Si(111)-7x7 surfaces using X-ray
and UV photoemission spectroscopy, thermal desorption
spectroscopy and electron induced desorption. At room temper-
ature the above gases adsorb mainly dissociatively whereas below
120K a layer of molecularly adsorbed species can be formed in
equilibrium with the gas phase. We show that by proper choice
of temperature, gas phase composition and electron beam, amor-
phous silicon, silicon nitride, silicon oxynitride and high concen-
tration boron doped silicon films can be grown with a thickness
control of nearly monolayer resolution.

TN




B2.7

SELECTIVE EPITAXY OF (AL,GA)AS AND (AL,GA)AS BASED
STRUCTURES, T.F.Kuech, M.Goorsky, and R.Potemski,
IBM T.J.Watson Research Center, P.0.Box 218,
Yorktown Heights, NY, 10598.

Selective Epitaxy is difficult to achieve in the
conventional MOVPE based growth of GaAs and
(A1,Ga)As. Both the high overall supersaturation
of the growth ambient and the lack of a suitable
back or etching reaction leads to the conformal
deposition of the growing material under most
growth conditions. We have recently demonstrated
the selective area deposition of GaAs using diethyl
gallium chloride(DEGACL). This precursor leads to
the highly selective growth of GaAs with respect a
dielectric masking material. The use of diethyl
aluminum chloride (DEALCL) does not however lead
to the selective epitaxy of AlAs. The selective
growth of the alloy, (Al1,6a)As, can be achieved
under suitable growth conditions using both DEGACL
and DEALCL. The HC1 by-product from the decompos-
ition of the DEGACL 1is thought to serve as an
etchant, removing AlAs from the surrounding
dielectric field regions. The alloy composition
of the deposited material is a function of the
growth conditions. The measured alloy composition
will be compared to that predicted from the
thermodynamic considerations. We have used this
selective epitaxy technique to produce quantum well
Structures within localized regions of a substrate
surface.

B2.8

PATTERNING OF GaAs/AlGaAs WAFERS BY FOCUSED
ELECTRON-BEAM INDUCED CHLORINE ETCHING AND
SUBSEQUENT MBE GROWTH. M.Taneya. Y.Sugimoto,
H.Hidaka, K.Akita, Optoelectronics Technology
Research Laboratory, Tsukuba, JAPAN

Focused electron-beam (FEB)-induced Cl, etching
of Al,Ga;_,As (0<x<0.7) was done for the purpose
of in-situ patterning and subsequent crystal
growth using a ultra-hlgh vacuum multi-chamber
system.

An FEB-iInduced Cl, etching of GaAs with an
adsorbai? layer at the surface was reported
earlier. Achieving 1low-dimensional systems,
such as quantum wires and boxes, requires the
etching of layered structures consisting of
AlGaAs and GaAs. When GaAs/AlGaAs wafers were
exposed to a 10 keV-FEB and C12 molecules,
etching of AlGaAs was observed only in the FEB-
scanned area. The etch rate of Aly,Gay_xAs
(0<x<0.7) was about 30 nm/min, which is almost
the same as that of GaAs. This 1indicates that
patterning of GaAs/AlGaAs heterostructures is
possible using FEB-induced C12 etching.

The compatibility of the FEB-induced Cl, etching
with subsequent MBE regrowth was teésted by
growing an AlGaAs layer on a GaAs layer
previously patterned by FEB-induced Cl,y etching.
The surface of the regrown AlGaAs layer showed
excellent morphology, which demonstrates that a
surface suijtable for the subsequent MBE growth
can be obtained by FEB-induced Cl, etching.

1)M.Taneya et al. Jpn.J.Appl.Phys. 28,1.429(1988).

B2.9

EXCIMER LASER-INDUCED DEPOSITION OF GaN. A.
Kobayashi, T.Asai, S.Kawai and P.J.Chong, The
Institute of Scientific and Industrial Research,
Osaka University, Ibaraki, Osaka 567, Japan.

GaN films were prepared by laser-induced chemical
vapour deposition (LICVD) technique from Ga(CHq)
and NH3. Pulsed ArF excimer laser was used to
induce gas phase reactions and the films were
grown on the sapphire (0001) substrates at
temperatures from 600°C to 1000°C. At high
temperatures, GaN grew as islands and was
polycrystalline. At low temperatures, GaN was
deposited as a dense film and was a mixture of
polycrystals and preferredly oriented crystals.
The films grown at around 800°C were epitaxial
with the (0001)-oriented layers. The surface
morphology of these films was examined by a
scanning electron microscope and a fine structure
with the uniform grain size of about 0.6 um was
seen,

GaN films by the thermal CVD were also prepared
under the same growth conditions and compared
with the LICVD films. The results showed that
crystallinity of the LICVD-grown GaN films was
superior to that of the thermally grown ones.
Moreover, the growth rate of the films was about
2.7 times faster (at 800 °C) under the laser gas-
phase excitation.

Under the present conditions, the growth rate of
the films was highly influenced by the deposition
temperature., This indicates the growth rate is
mainly determined by the surface reaction.

B2.10

HOLOGRAPHIC PATTERNE ETCHING OF SILICON~CARBITE
BY EXCIMER LASERS

M.Murahara, Faculty of Eng., Tokai Univ., 1117
Kitakaname, Hiratsuka, Kanagawa 259-12, JAPAN.,

Graduate student of
JAPAN.

M.Yonekawa and K.Shirakawa,
Faculty Eng., Tokai Univ., Kanagawa,

Silicon~carbite has high refrectivity in the
range of soft X-ray. But chemical etching of
SiC is difficult. So we have been proposing to
etch the SiC wusing two different wavelength
excimer lasers and gaseous ClFi:.

In this parer, we wish to report on fabrication
of diffraction grating on S$iC mirror by laser
holographic method. The reflectance of this
crystaline SiC mirror which was polished with a
b accuracy was 30% in 249 nm (KrF) and in 193
nm (ArF) as high as 50%. On the other hand,
the threshold fluence energy for etching was

800 wJ/cm? in 249 nm and in 193 nm as high as 7
J/cm? In these result, KrF laser is more
effective than ArF laser. Then we applied
three laser beams having different two wave-
length to crystaline SiC in an atmosphere of
ClF> gas. The XeF laser beam was used to
photodissociute ClFs gas in the proximity of

substrate.
beams were interfered on the substrate,
was used to locally excite the substrate.

The divided two polarized KrF laser
and it

Then, laser beams were irradiated; Fluence of
KrF laser beam was 1 J/cm?, XeF was 50 mJ/cm?.
And incidential angle of KrF laser beams were
20° and the grating gaps were 7170 A, etching
depth 1000 R, and etching rate were 5 A/pulse.




B3.1

LASER BASED AREA SELECTIVE PROCESSING FOR HIGH
DENSITY INTERCONNECTS _ Y.S.LIU and H.S.Cole,
GE Research and Development Center, Schenectady, N.Y.12345

The growing interest in laser ‘processing in recent years has come
from the increasing demand for an adaptive processing technology
that offers capabilities of quick prototyping, rapid design and
fabrication of relatively low volume application specific IC’s,

and the need for yield enhancement and circuit restructuring in

fabrication of increasingly complex electronic devices and circu-
itry.

This paper reviews use of lasers for area selective processing

for high density interconnect applications and discusses, speci-
ﬁca]l{, several laser based techniques developed for patterned
metallization using either direct or indirect two-step processes.
Materials and processing requirements such as process speed,
resolution, sensitivity and interface properties are addressed.
Topics also include use of two-step laser catalyzed surface modi-
fications for improving processing speed, metal/polymer inter-
faces, and high-speed UV laser via-drilling for multi-level
interconnects.

* This work has been partially ssgnponed by ONR/SDIO under the
contract number N00014-85-C-0890.

B3.2

LASER DIRECT WRITING OF OPTICAL

INTERCONNECTS IN POLYIMIDES AND SiO,TiO,
COATINGS. D.W. Hewak. and H. Jerominek, National
Optics Institute, 369 rue Franquet, P.O. Box 9970, Sainte-Foy,
Quebec, Canada GI1V 4C5.

Laser direct-writing iy an emerging technique for the
fabrication of cusiomized interconnect networks for VSLI
circuits.

Fabrication of optical channel waveguides in commercially
available polyimides and SiO,:TiO, coatings by Ar" Ilaser
direct-writing is reported.  Channels were fabricated on
thermally oxidized Si wafers. Based on the transmission spectra
of the materials used, the mechanism of writing was identified
as thermal in origin and duc to VIS light absorption. Post-
writing development removed the untreated material leaving
the desired channels.

Channel waveguides were fabricated with laser power up to 500
mW at 458 nm and scanning speeds up to 250 microns per scc.
Adhesion of the channels to the substrate and complete
removal of the untreated material were the major difficulties
overcome in the fabrication procedure. Prism and butt-
coupling techniques were used to study light propagation in the
fabricated structures. The propagation loss measurements
reveaied that attenuation in channels was of the same order as
in slab waveguides made of the same material, ie. 1 - 5§ dB/cm
at 633 nm.

B3.3

SELECTIVE AREA OEPOSITION OF CONDUCTING PALLADIUM FILMS
ON POLYIMIDE RESINS. Yoon-Gi Kim, S. Bialy, R. Miller,
J.T. Spencer, and P.A. Dowben, Center for Molecular
Electronics, Departments of Physics and Chemistry,
Syracuse University, Syracuse, N.Y. 13244.

We have demonstrated that conducting palladium films can
be selectively deposited on Kapton and Ultem 1000
(polyetherimide). The selective area deposition of
palladfum is undertaken from the UV photolysis (A = 337
nm) of allylcyclopentadieny) palladium. The photolytic
deposition process does not melt or damage the poly-imide
substrates and the conductivity of the resulting thicker

87

films (> 500 A) 1s comparable to that of pure palladium
(o= zﬂpd)-

From other studies [1,2]) we know the process is not
photopyrolytic and the films are largely free of oxygen
and carbon contamination. The adhesion of the palladium
films is very good and has been demonstrated to be
suitable for applications as an interconnect or thin film
resistor.

Deposition of palladium from Pd(CsHs)(CHs) s an

alternative to deposition from palladium acetate which
has also been proposed as an organometallic source
compound for palladium deposition on polyimides [3].

{1] G.T. Stauf, P.A. Dowben, K.-H. Emrich, S. Barfuss,
W. Hirschwald and N.M. Boag, J. Phys. Chem., 93, 749
1989).

%2] K{-H. Emrich, G.T. Stauf, W. Hirschwald, S.Barfuss,
P.A. Dowben, R.R. Birge, and N.M. Boag, Mat. Res. Soc.
Symp. Proc., 131, 401 (1989).

[3] Y.S. Liu and H. Cole, Mat. Res. Soc. Symp. Proc., in
Press.
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B2.5

SELECTIVE CHEMICAL VAPOR DEPOSITION OF TUNGSTEN ON
ASER-WRITTEN PRENUCLEATION PALLADIUM PA RN

Oliver Gottsleben and Michael Stuke, Max-Planck-Institut fiir

biophysikalische Chemie, P.O. 2841, D-3400 Gotiingen, F.R. Germany

Laser-written palladium patierns on Al»O3 ceramic substrates are selectively

amplified by tungsten using conventional chemical vapor deposition CVD
with tungstenhexafluoride WFg and hydrogen Hj. The palladium structures
are formed by 248 nm UV excimer laser irradiation of spin-coated 1000 A
palladium acetate films in air leading to a Pd-prenucieated substrate surface.
Non-exposed palladium acetate film is removed by a solvent and the
substrate transferred to a small vacuum chamber equipped with a heatable
substrate holder and a WFg/H? gas handling system. The dependence of the
tungsten growth on the substrate temperature and the pressure of WFg and
H2 will be given. The selective growth of tungsten is self-limiting at a

height of about 1000 A depending on experimental conditions. The height
of the grown twngsten line increases with temperature and H) pressure and

seems to be catalysed by the binding of hydrogen to palladium. Electron
microscope pictures of generated palladium and tungsten patterns will be
shown.

Bi.e

ANOMALOUSLY DEEP STRUCTURES PRODUCED IN IlI-V

MATERIALS BY  COMBINED FOCUSED ION BEAM
IMPLANTATION AND DRY ETCHING. Lloyd R. Harriott, Henrvk
Temkin, and Yuh-Lin Wang, AT&T Bell Laboratories, Murray Hill,
New Jersey.

We have developed a direct patierning process for InP based materials
which uses ion implantation followed by dry etching to produce surface
topography. The substrate is first implanted with a 20 keV Ga* beam
focused 10 0.2 micron diameter. The surface pattern then developed in
the substrate by etching with a low energy (25 -100 eV) flood Ar* ion
beamin a Clp (5x1074 Tomr) atmosphere.  This process has been
integraied in a common vacuum chamber with a gas source molecular
beam epitaxy (GSMBE) system. /n-siru patierning and high quality
overgrowth has been demonstrated for low Ar* ion_ energies during
etching.

Step heights as large as 6000 A have been produced with this
technique. The effect of the 20 keV Ga®* ion beam clearly extends far

— e ety ——+ ~ g -

P er————




beyond its calculated projected range of 150 A. The etched depth of
the featgfes increases rapidly fo‘ 4Gn+ ion doses from 10!° to 10
ions/cm*. At doses above 2X10'4, the depth continues to increase but
ata much slower rate. The eiched depth of the featres does not
depend strongly on Ga* jon beam dose rate or angle of incidence
(channeling). The step heights depend most strongly on the substrate
temperature and Ar™ ion energy during exching. Our observations
seem to support a model of the etching process which includes poim
defect diffusion to explain the anomalously deep effect of the Ga* ion
bcarnl 4Wc: interpret the saturation of the etched depth at doses above
ngso as indicative of the formation of an amorphous layer in the
substrate.

We will present data illustrating the step height dependence on ion
implantation dose, dose rate, energy, and species as well as etching ion
energyglsubstrate temperature and Cly flow rate for several substrate
materials.

B3.7

ULTRAHIGH VACUUM COMPATIBLE HALOGEN ETCHING PROCESS

FOR SEMICONDUCTOR SURFACES. Andrew Freedman and Charter
D. Stinespring, Center for Chemical and Envirommental
Physics, Aerodyne Research, Inc., Billerica, MA 01821

We will report on the development of an ultrahigh
vacuum-compatible etching process using & combination of
separate beams of halogen 8toms/molecules and rare gas
ions. The halogen atom source is based on & microwave
discharge design (J. Vac. Sci. Technol. A4, 1946 (1986))
and can generate an effusive beam of fluorine or chlorine
atoms admixed in argon or helium carrier gas. Typical
fluxes of 1-5 x 1014 cn"2 3=1 at & substrate-source
sperture distance of 7 cm are obtained. We will describe
results of quartz crystsl microbazlance measurements of
chlorine atom/molecule-argon ion etching of aluminum and
gallium sarsenide. We will also report on x-ray photo-
electron spectroscopy experiments ajmed at understanding
the basic microchemistry of chlorine interactions with
both substrates.

This work is supported by the National Science Foundation
under the Swall Business Innovation Research Program.

B3.8

CONTROL OF ETCHING RATE IN LASER-CHEMICAL REACTION OF Mn-
Zn FERRITE BY MeV ION IMPLANTATION, Y. F. Lu, M. Takai,
and S. Namba, Faculty of Engineering Science and Research
Center for Extreme Materials, Osaka University, Toyonaka,
Osaka 560, Japan.

Single crystal ferrite is an important magnetic material
which is used for magnetic head devices. Laser induced
etching of Mn-Zn ferrite in H3PO, aqueous solution by Ar*
laser irradiation was found to result in the etching rate
up to 340 pm/s whereas the width of the etched groove is
an order of 100 pm. The change in the etching rate due to
the ion irradiation is considered to be an hopeful method
to obtain ultra-fine structures of ferrite materials by
combining laser etching techniques with FIB (focused ion
beam) techniques.

The ferrite samq]7e .»:.usface was implanted at 3 MeV with an
0% dose of 1X10'/ em™%. The projected range of the ions
was estimated to be 1.8 um by a TRIM calculation and RBS
measurements. Ferrite samples immersed in 85% H,PQ,
solution was etched by scanning the focused laser beam
with a diameter of 13.2 um (at 1/e intensity) and a laser
power ranging from 10 mW to 70 mW.

The laser induced etching is suppressed by the ion
implantation. The etching rate in ion irradiated area
decreased to less than 50 % of that in an unimplanted
area. The etching rate is mainly suppressed at the
surface layer thinner than the projected range, and the
suppression decreased and vanished when the laser power
was increased. Since the reflectivity of the sample

surface to the laser beam did not change after the ion
irradiation, the etching rate suppression was considered
mainly due to the crystallographic change in a surface
layer.

B3.9

PRECURSORS TO PHOTOQ-ABLATION OF SODIUM TRISILICATE
GLASS DUE TO UV EXCIMER IRRADIATION.®* P. A. Eschbach, [,
L._Dickinson, S. C. Langford, Physics Department, Washington State
University, Pullman, WA 99164, and L. R. Pederson, Pacific
Northwest Laboratory, Richland, WA 99352,

In previous work we ined the changes in the surface topography
of sodium trisilicate glass (Na20-35i03) with exposure to pulsed 248
nm (5eV/photon) excimer laser light at fluences of 2.6-5 J/em2, as
well as the character of the products emitted from the glass surface
(e.g.,, +/- ions, electrons, ground state and excited neutral atoms and
molecules). At these fluences, ablation readily occurs, accompanied
by both photothermal and photochemical pr In the current
study, we examine the precursors of this high fluence behavior at
fluences < 2.6 Jicm2. The major products observed are photoelectrons
and Na*. The Na* time-of-flight (TOF) position and shape is
essentially constant over this fluence range (0.05.2.6 J/cm2) during
the initial irradiation of both polished and fracture surfaces. This
response is cousistent with a photochemical (electronic) emission
mechanism. As irradiation proceeds, the jon intensity gradually drops
to very low levels, attributed to the depletion of Na in the surface
region. At higher Nuences (> 2.6 Yem?) and additiona) bombardment,
the Na* emission eventually regains and surpasses its initial
intensity. The restored ion emission is accompanied by a visible
plume due to Na D-line emission, the appearance of neutral Na
Rydbergs, and the onset of surface etching. The number of laser
pulses required to pass through the transition phase depends strongly
on laser fluence. The role of photo-induced emission of electrons and
Na* in the eventual onset of ablation will be discussed. Correlations
of these studies with XPS and IR spectroscopy of the sodium
trisilicate substrates will also be presented.

*Work supported by the Nationmal Science Foundation under Grant
DMR 8601281, the Office of Naval Research under Contract N00014.
87-K-0514, the Washington Technology Center, and NORCUS.

B3.10

X-RAY PHOTOEMISSION INVESTIGATION OF EXCIMER LASER-INDUCED
ETCHING OF InP. R. Matz, J. Meiler, Research Laboratories of Siemens AG,
Otto-Hahn-Ring 6, D-8000 Munchen 83, F.RG.; and D. Haarer, Universitat
Bayreuth, Lehrstuhl {. Experimentalphysik [V, Postf. 101251, D-8580 Bayreuth,
FR.G.

X-ray photoemission spectroscopy was used to reveal the reaction steps dufing
laser-induced etching of {100)-InP in HBr and HCI gas atmosphere (0.1-1 mbar) by
exposure 1o ArF excimer laser light of 133nm wavelength. Under direct exposure
of the semiconductor surface, as employed for pattern transter etching,
pronounced etching occurs only above a laser threshoid fluence which coincides
with the energy density for transient surface melting. P depletion and formation
of metallic in within the top surtace layers are idenlified as first steps
towards this efficient etching. The amount of In formed at various fluences is
well correlated with the dependence of etch rate on laser fluence. In a second
step, the halogen atoms generated by the laser pulse in the gas diffuse 1o the
reaction sites on the surface to form InBr, or InC!,. respectively. The
thickness ot the reacted layer per laser pulse % on the r?»ono|ayer scale. The
layer is desorbed by either a sufficient background substrate temperature above
130°C or by the next laser pulse. When etching with a contact resist mask,
exposure of the gas alone but not the surtace is advantageous for resist
protection. The halogen atoms then react with a stoichiometric InP surface. Also
n this case, no reaction products with P are tound which is probably due to the
high vapour pressure of its halogenides. With the substrate at room temperature,
however, an In halogenide layer grows under ditfusion control up to a saturation
thickness of about 20 monolayers. Growth of this layer can be avoided or its
removal can be caused again by raising the sybstrate temperature above 130°C,
where the halogenide vapour pressure exceeds the etch gas pressure. The
\emperature is well compatible with most photoresist processes.

In agreement with experiments, the results suggest that above the desorption
temperature of the halogenides, the spatial resolution of the whole process is
largely determined by lateral gas phase ditfusion of the halogen atoms. Beiow
*hig temperature, however, the In halogenide can be used to passivate unexposed
sufface areas so that the spatiat resolution is improved.

Y
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B3.11

SELECTIVE ETCHING AND PHOTO-~-BLEACHING IN THIN
AMORPHOUS Ge-Sb-S FILMS. Evdokia B. Savova and

Boyill I. Pashmakoff, Institute of Solid State
Physics, 1784 Sofia, 72 Lenin blvd., Bulgaria

A mechanism is proposed for the selective etching
effects in thin amorphous Ge-Sb-S films based on the
combined action of photostructural changes and
alkaline solvent with a surface active substance.
Evidence is given in support of the assertion that
the same photostructural changes (namely, the break-
ing of Ge-Sb bonds under the action of UV light} are
responsible for the irreversible photo~bleaching of
these layers.

Five different compositions in the system Ge-Sb-S
have been studied under different preparation condi-
tions (thermal evaporation and laser-beanm sputtering).
Photostructural changes were induced by UV light and
Nd-glass laser treatment. Infrared and Raman spectra
of the layers are presented in support of the propos-
ed model.

B3.12

ULTRAFAST IMAGING OF ULTRAVIOLET LASER
ABLATION AND ETCHING OF POLYMETHYL
METHACRYLATE. Bodil Braren, R. Srinivasan, Kelly G.
Casey. and Mildred Yeh, IBM, T. J. Watson Research Center
Yorktown Heights, NY 10598

Ablation and etching of the surface of polymethyl methacrylate
{=PMMA) by pulses of 24% nm laser radiation ~20 ns full width
at half maximum (FWHM) have been probed by puises of visible
laser radiation (596 nm; <500 ps FWHM). The results were re-
corded photographically in real time with a set time delay be-
tween the 248 nm ablation pulse and the 596 nm probe puise.

Modification of the surface structure of the polymer at a fluence
~ 3 J/cm? is first visible at 12 ns and appears (o be complete in
~ 60 ns. The Tirst manifestation of the ablation does not occur
until the UV pulse is over and consists of a nearly transparent
shock-wave that has an initial velocity of 6 x 10% cm/sec. Solid
material from the ablated zone begins to leave the surface at ~
150 - 200 ns and reaches a maximum in intensity at 6 us, con-
tinuing for ~ 20 us. The average velocity of the solid material,
which is probably a low molecular weight polymer of PMMA, is
1.5 x 10* cm/sec.

The conclusion to be drawn from the present work is that the
signal measured by photoacoustic detectors does not coincide
with the bulk of the material leaving the surface.

B4.1

SELTCTINE STEICONTPHEAXY FOR ADVANCT D DRANM
SIRUCIURES.  Gaiy Bionner, IBM Research Division,
Yorktown Heights, N,

In silicon mictoclechionics, memory cells and chips are used 1o
develop the most advanced technology. In the future these chips
will requite tiuly thice dimensional stroctures 1o achicve the
needed density. Phis tatk describes the use of seleciive siticon
cpitaxs 10 build three dimensional DRAM cells.

Sclective silicon cpitaxy is grown al reduccd pressure and
temperature (J0Tor and 90°Cy in a SiICl, 1 ambient. SiCl,
reacts with a silicon substrate (o grow epitaxial silicon with HCI
as a by-product.  The HCL inhibits deposition of silicon on
insulators leading (o selective growth.  Lateral growth of silicon
cpitaxy is achicved when the insulators are flush with the siticon

surface.  The lateral growth rate and material quality of this
overgrowth arc strongly affected by the orientation of the
silicon/insulator cdge.  Best material quality is achieved when
(100) plancs arc allowed (o grow taterally, Results are presented
showing that silicon can be grown laterally with no defects. De-
fect ctching. TEM, and clectrical mcasurements are used char-
acterize the material.

The overgrown silicon material has been applicd o the fabri-
cation of a three dimensional DRAM cell. The cell consists of a
trench capacitor which is overgrown with silicon sclective
cpitaxy. A transistor and isolation are then built above the
tiench capacitor resulting in a cell that eccupics the same area
as the transistor alone.  Fully functional memory cells have been
buill. The results show that selective silicon epitaxy is a realistic
candidate for building three dimensional silicon devices,

B4.2

SURFACE .REACTION MECHANISMS IN SELECTED AREA
EPITAXY OF I1I-VI%. $ J C Irvine, H Hill, J E Hails,
S J Barnett and J B Mullin. Roya! Signals and Radar Establishment,
Malvern, Worcestershire UK

Ultraviolet radiation can be used to enhance the growth rate of
11-VI compounds such as CdTe and HgTe at temperatures below the
precursor pyrolysis thresholds. The enhancement of growth rate is
primarily a vapour absorption-decomposition reaction but the
measured growth rates are approximately one tenth of those expected
for diffusion limited growth. In the case of CdTe, the projection of
a pattern by UV radiation onto a substrate can cause considerable
enhancement in growth rate, leaving a well defined topographic
pattern. This process relies on absorption of UV radiation, (a) in
the vapour for photo-dissociation, and (b) on the substrate to
overcome surface kinetics. Recent results will be presented for CdTe
photo-epitaxy on (a) the effect of reduction in total irradiance in
the vapour due to masking, (b) the effect of UV irftensity on the
surface and (c) surface absorption of visible radiation.

The extension of surface reaction mechanisms to other II-VI's will
be discussed. Where the compound is weakiy bonded, as is the case
for Hg compounds, the surface kinetic suppression of growth rate is
more severe. The potential for selected area epitaxy of HgTe should
be more promising, but effects such as charge transfer assisted
desorption of hydrocarbons may be more difficult to modulate
optically due to the much higher intrinsic carrier concentration in
this semimetallic compound. The potential for selected area epitaxial
growth of II-VI's for in-situ processing of new opto-electronic
device structures will be considered in the light of recent results.

B4.3

Novel Stacked CMOS Process by Local Overgrowth. René P,
Zingg. B. Hafflinger, Institute for Microelectronics, D-7000 Stuttgart 80,
FRG; and G. W. Neudeck, Purdue University, W. Lafayette, IN 47907,
USA.

A new CMOS process has been developed to produce complementary
devices on top of each other. The second silicon layer is grown by
chemical vapor deposition (CVD) silicon epitaxy, where the growth is
seeded with windows in a oxide film on a preprocessed wafer. The epitaxy
progresses both vertically and laterally from the seed window, forming a
crystalline film on this oxide. This growth is only seeded where devices
will be built, to enable contact holes to devices realized in the substrate. A
process with self-aligned source/drain and stacked gates, as well as one
with a joint-gate between both channel types in the two device layers were
reatized. We observed no deterioration of bulk device characteristics
associated with the fabrication steps necessary for the second active layer.
The silicon-on-insulator (SOI) devices in the top layer exhibited mobilities
comparable to transistors built in bulk material. Contrary to zone-melt
recrystallization (ZMR) material, device dpm-nrneu:rs were very reproducible
across the wafer and from lot to lot due 10 the defect-free crystalline
material. SOI films with impurity ievels of 8.8-1015/cm3 were produced
by local silicon epitaxial overgrowth with trichlorosilane as source gas for
selective epitaxy at 833-900°C. Trichlorosilane allows selective epitaxy
without the addition of HCl gas, therefore lowering the impurity level of
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the silicon considerably. The lateral epitaxy, which was restricted to device
sites, was thinned to 0.7um thickness by chemo-mechanical polishing.

Surface channel mobilities of NMOS devices built in the bulk maerial
were 700cm2/Vs and 165cm2/Vs for p-channel transistors in the SOI film,
both for devices with top and submerged gates. Subthreshold slope was
about 100mV/dec for cither channel type, threshold voltages were 0.5V
and -1.5V, respectively, and leakage currents were well below 1pA for
100um channei width devices in either layer.

B4.4

LASER ASSISTED MOLECULAR BEAM EPITAXY (LAMBE) GAAS ON
SILICON PHOTODETECTORS, A, Christou. N.A. Papanicolacu, and G.W.
Anderson, Naval Research Laboratory, Washington, DC, 20375, and A.
Georgakilas, P. Panayotatos, Foundation for Research and Technology-HELLAS
(F.O.R.T.H.) OI-V Microelectronics Group, Crete, Greece

The monolithic integration of GaAs photonic devices and silicon electronic devices
and circuits offers the potential of combining the superior speed and optoclectronic
capabilities of GaAs based circuits with the sophistication of silicon VLSI
technology. The first step toward the realization of this goal is the development
of high performance optoclectronic devices such as photodetectors and lasers on
GaAs material grown epitaxially on silicon substrates.

In this study various photodetector structures have been fabricated on LAMBE
GaAs cpitaxially grown on high resistivity silicon substrates. In realizing GaAs
cpitaxial layers grown on silicon by molecular beam epilaxy, it was necessary 1o
initially optimize a GaAs nucleation layer deposited at 300°C followed by a strain
accommodation layer grown at 620°C. An excimer laser at 248 nm and 120
m/cm? was used 10 assist in the growth of the nucleation and accommodation
layers. A 300 A GaAs nucleation layer was initially grown followed by a five
period AlAs/GaAs multi-quanum well region, cach 100 A thick, for a total
thickness of 1000 A; finaliy a 2 pim undoped active Layer followed by a 2000 A
thick n layer and a 500 A thick n* contact layer completed the structure.

The types of photodetectors investigated included linear photoconductors and three
types of interdigitated finger devices: Metal-semiconductor-metal (MSM);
Schouky diodes having one set of Schotiky metal fingers and one set of ohmic
fingers (S-O detectors): and photodetectors consisting of two sets of ohmic fingers
(0-O detectors). The evaluation of the ;hotodetectors was made using 840 nm
wavelength pulsed light with a pulse width of 5 ns and rise (ir) and fall (tf) times
of 200 ps. The t¢ and tf of both the linear and interdigitated devices fabricated in
the undoped GaAs layer were in the 1-2 ns and 3-6 ns ranges, respectively. These
results were comparable 10 those obuained for photoconductors fabricated on GaAs
MBE 1ayers grown oa GaAs or made directly on semi-insulating substrate material
using similar measurement techniques. The responsivity and quantum efficiency
values of the photoconductors were in the ranges 0.6-0.9 A/W and 0.9-1.4,
respectively.

B4.5

LASER SELECTIVE AREA EPITAXY FOR THE INTEGRATION
OF OPTOELECTRONIC STRUCTURES. H. Liu, J.C. Roberts, J.
itamdani and S.M. Bedair. Electrical and Computer Engineering
Department, N.C. State University, Raleigh, North Carolina

We report for the first time the selective epitaxy of device quality
films using laser enhanced chemical vapor deposition. Selective and
independent deposition of quantum wells, planar doped and p-i-n
structures will be reported.

Sources used are TMG, AsH,, PH,, DMZn and SeH, for the growth
of GaAs and GaAsP doped with Zn or Se. When the GaAs substrate
is kept at a temperature less than 400°C, epitaxial growth takes
place only on the area exposed to the Ar* laser beam. Spot sizes in
the range of 250 - 1000 um were achieved and films were character-
ized by photoluminescence, Hall and C-V techniques.

GaAsP-GaAs-GaAsP single quantum wells with different well
widths, thus emitting at different wavelengths, were selectively depo-
sited on a GaAs substrate. Also, planar doped structures consisting
of a planar sheet of Se atoms embedded between two undoped GaAs
films were selectively deposited. Planar doping was achieved by
simultaneous exposure to AsH, and SeH, during the LCVD process
and a sheet carrier concentration in the 10'2—10'/cm? range was
obtained. Doping characteristics, especially for p-type dopants, were

70

found to be different from those obtained by MOCVD. This is attri-
buted to different growth temperatures and the added photochemical
enhancement inherent in the LCVD technique. We will report the
processes involved in dopant incorporation.

Work is supported by SDIO and NSF

B4.s

LASER INDUCED SURFACE CHEMICAL EPITAXY. Charter D.
Stinespring and Andrew Freedman, Center for Chemical and
Environmental Physics, Aerodyne Research, Inc.,
Billerica, MA 01821

This paper describes ongoing experimental studies {Chem.

Phys. Lett. 143, 584 (1988); Appl. Phys. Lett. 52, 1959

(1988)) of the thermal and UV photon-induced reactions

of dimethyl cadmium (DMCd) and dimethyl tellurium (DMTe)

on GaAs surfaces. The objectives of these studies are

to provide an understanding of the underlying chemical

mechanisms and to explore novel approaches to CdTe

heteroepitaxy. The work focuses on CdTe heteroepitaxy

because of the importance of this material in electro-

optical systems. DMCd and DMTe were selected for

investigation as precursor species because of their

inherent scientific jinterest. The gas phase photo-

chemistry of DMCd and DMTe has been extensively investi=-

gated; these molecules are known to undergo single
rather than multi photon dissociation to produce ground
state metal atoms. The basic questions we attempt to
answer in this study are: i) How do DMCd and DMTe inter-
act with the surface of a substrate or growing thin film?
and ii) Is this interaction such that single photon (as
opposed to multiphoton) processes can be used to produce
metal adspecies and, ultimately, epitaxial CdTe thin
films? Analysis of photodecomposition efficiency and
product species distributions show widely different
results for single and multiple adlayers. These results
provide key insights into the underlying mechanisms of
the photon-adspecies-substrate interaction.

This work is supported by the Air Force Office of
Scientific Research,

B4.7

LASER PROCESSED SILICIDES FOR GAAS HEMTS, W.T,
Anderson, A. Christou, Naval Research Laboratory, Washington,
D.C.; and C. Michelakis, G. Kiriakidis, Research Center of Crete,
Heraklion, Crete, Greece.

Laser annealed refractory metal gates have been developed for GaAs
and high electron mobility mransistors (HEMT) fabricated on MBE
layers grown on laser desorbed substrates. Amorphous(a-) refractory
metal silicide films were sputter deposited by a method in which the
RF power to separate refractory metal and silicon targets were set at
predetermined deposition rates and the substrates were rotated with
respect to the sputter targets receiving a 0.2 to 0.5 nm film on each
pass. This method has the following advantages over sputter
deposition from a single arget: (1) overall average composition can be
better controlied by varying the power, and thus film thickness on
cach pass, 1o the separate targets, (2) amorphous films, which are
desirable as diffusion barriers, are always obtained because a-Si is
deposited on each pass of the Si target, and (3) because the substrate
spends only a small time near the sputter target as it rotates, the
surface temperature remains lower than if a single sputter target were
used and photoresist can be employed to lift 1.0 um long gates.

The a- silicide gates were laser annealed to reduce the gate resistance
using a 308 nm excimer laser. Laser annealing has the advantage
over rapid thermal anneal or oven anneal in that it is not necessary to
heat the entire wafer and individual structures can be selectively
annealed. Annealing is accomplished by adjusting the energy density
1o penetrate only part way into the film, ideally resulting in a phase
change 10 polycrystalline material of lower resistivity, leaving the
bottom part of the film as a well behaved amorphous diffusion
barrier. In the case of films < 40 nm, the heat pulse reaches the a-
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silicide/GaAs interface and Ohmic contact is formed by interdiffusion,
as revealed by Rutherford Backscattering. HEMTs fabricated by
these methods exhibited reduced light sensitivity compared to
conventionally fabricated HEMTs.

B4.8

MASKLESS FORMATION OF TUNGSTEN FILM BY ION BEAM INDUCED
DEPOSITION TECHNIQUE. Zheng Xu, Kenji Gamo and Susumu
Namba, Faculty of Engineering Science, Osaka University,
Toyonaka, Osaka 560, Japan.

The tungsten deposition using WF¢ is one of the promising
ways for Schottky gate metaIQization in MESFET and
heterostructure FET devices. Ion beam assisted deposition
of tungsten using finely focused ion beams is particularly
interesting because it provide a maskless metallization
technique with submicrometer resolution.

In this study, tungsten film was deposited on n~type GaAs
substrate by irradiating Ar’, H," beams in the WF¢ ambient.
The low energy (500-2000 eV) was used to reduce the damage
in the substrate. The damage in the substrate and annealing
properties were examined by Schottky barrier
characteristics, DLTS and C-V method, and the quality of
deposited film was measured by XPS, RHEED and four probe
point method.

W film with purity better than 90 %2 and resistivity of
about 1072 ohm.cm was obtained. Schottky barrier was
tormed by IBID for a 50" eV Hz+ beam irradiation without
an' annealing, while alm ohmic contact was formed for 2
keV beam irradiation. 1l.. case of Ar™ beam irradiation,
almost ohmic contact was formed for both 500 eV and 2 keV
beam, due to the heavier damage in the substrate. After
annealing at 350°C for 10 min, most of the damage was
annealed out for both 500 eV and 2 keV H2+ and Ar*
irradiation, and all the contacts show Schotth
characteristics. The n-factor ranges from 1.01 ( 500 eV Ar
) to 1.61 ( 2keV H,™ ). The barrier height was 0.67~ 0.88
eV for Hz+ irradiation,

B4.9

NANOLCTHOGRAPHY BY STM ON RbUJMoO}, A CONDUCTING
OXIDE. G. Rudd, D. Novak, S. Wang, S.H. Garofalini
and E. Garfunkel, Departments of Chemistry and
Physics, Laboratory for Surface Modification, and
Center for Ceramics Research, Rutgers University,

Piscataway, NJ 08855.

We present results demonstrating the use of a
scanning tunneling micrcscope (STM) to image and
modify the surface of a conducting oxide
(Rb, ;M00,) . We shcw that ind;viH“ol octahedral MoQO,
units of the ouxide can be ime,ed. Under certain
coriditions controlled defect: can be etched
(written) on the surface which are stable in air.
Features such as lines, holes, and squares as small
as 1 nm deep and 7 nm across are observed. We also
consider possible STM based mechanisms of writing
on oxides such as abrasive etching, heating, and
hot electron processes. Potential applications in
nanolithography for memory storage and electronic
devices which display various quantum size behavior
are discussed.

B4.10

COMBINING ELECTRON AND ION BEAM TECHNIQUES FOR THE
PRODUCTION OF BURIED SINGLE-CRYSTAL METALLIC
WIRES. S. D. Berger, Juiita E. Woroniecka, H.A. Huggins,
Alice E. White, K.T. Short and D. Loretto. AT&T Bell
Laboratories, Murray Hill, NJ.

We have fabricated single-crystal metallic wires of
CoSiz buried beneath the surface of a Si wafer with
widths down to ~100 nm. The wires are formed by a

- Thee . . g
novel technique which uses a combination of electron-
beam lithography, reactive-ion etching and Co ion
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implantation.

Two different approaches have been taken. In one case
the Co is selectively implanted by use of a mask.
Structures produced in this way exhibit near perfect
silicide/silicon interfaces which have not been
subjected to any etching! In the second case the wires
are defined by patterning a continuous silicide sheet.
Here the structural quality of the edges of the wires is
degraded by the reactive-ion etching.

A comparison of the transport properties of these wires
both as a function of a size and also of method of
construction will be discussed.

B4.11

P RO OF ADSORPEION AND D APOR PRESST TN
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B4.12

LASER ABLATION AND PLASMA HYBRID TECHNIQUE FOR
DEPOSITING MULTILAYERED STRUCTURES. J. Krishnaswamy,
S. Sharan and J. Narayan, Dept. of Materials Science and
Engineering, North Carolina State University, Raleigh , NC 27695-
7916; and O. W. Holland, Solid State Division, Oak Ridge National
Laboratory, Oak Ridge, TN 37531-6118

We have recently reported! a laser ablation and plasma
hybrid technique of depositing hydrogen-free diamondlike, hard
carbon fiims on room temperature substrates. The new technique
enhances the non-equilibrium processes during laser ablation
and further helps in depositing films with improved properties. In
this paper we report on the deposition of a multilayered
tungsten/carbon film. A 20 nsec (FWHM), 308 nm XeCl laser beam
is sequentially focussed on closely placed tungsten and carbon
targets to deposit a ~ 500A thick film with W/C multilayers. The
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ablation circuit was configured in the laser ablation and plasma
hybrid mode to form the film, since the laser energy alone was not
sufficient to ablate tungsten. The films were characterized by RBS
and transmission electron microscopy techniques.

1. J. Krishnaswamy, A. Rengan, J. Narayan, K. Vedam and C. J.

McHargue, Appi. Phys. Lett., 54, 2455 (1989).

B5.1

A NEW MODEL OF POLYMER PHOTOABLATION KINETICS.
Sylvain Lazare and Vincent Granier, Laboratoire
de Photophysique et Photochimie Moléculaire, UA
CNRS 348, Université de Bordeaux I, 351 Cours
de la Libération, F-33405 Talence, France.

The amount of polymer ablated per pulse of the
excimer laser radiation (193, 248 and 351 nm),
was precisely measured over a large range of
fluence, with the quartz crystal microbalance
technique. These etch curves are analyzed with
our new model of the Moving Interface, which
provides B, screening coefficient and k,
ablation rate constant (true ablation rate).
This model allows for the first time the
evaluation of the attenuation of the laser
beam, due to the absorption of the radiation by
the ablation products. Each couple of polymer
and wavelength is characterized by a unique
couple of 8 and k. Both B and k increase by
shortening the wavelength. The influence of
some polymer structural parameters is
evidenced. At very high fluence, the appearence
of a new etching mechanism (probably plasma) is
revealed by the sudden acceleration of etch
rate.

The model predicts that for high 8 polymers,
products should strongly depend on fluence and
wavelength. This is supported by the study of
ablation products deposition. Spatial
distribution, rate and yield vary with the mean
size of the ablation products, since only large
molecular fragments can deposit.

B5.2

A PROCESS MODEL FOR REACTIVE ION ETCHING
AND STUDY OF THE EFFECTS OF MAGNETRON
ENHANCEMENT, M_Mc%oLawg Scientific Research
Associates, Inc., P. O. Box 1058, Glastonbury, CT 06033.
Reactive ion etching (RIE) has essentially replaced wet
chemical etching as a preferable method for accomplishing
fine-line lithography and selective etching. It has been shown
(1] that use of a magnetic field (MIE) confines the electrons
closer to the cathode, thus increasing ionization efficientl

and offering low pressure, low bias etching. In both RIE and
MIE, it is not well understood how various system parameters
such as gas flow, pressure, bias voltage, magnetic field

strength and magnets arrangement affect the etch rate,
uniformity and selectivity.

We present a process model for the reactive ion etching and
simulation results with and without the aid of magnetic
enhancement. The model involves solution to the fluid flow
and reactive species equations using a highly efficient finite
difference algorithm. Results for the etching of GaAs using
boron trichloride (BCl3) plasma are presented. Proper
dissociation kinetics and surface reactions leading to etching
have been incorporated. For a 3" wafer, the computed etch
rates are nearly uniform with slightly higher rates at the edges.
This variation is a function of system pressure and flow rate,
and the physics behind the observations are explained in the
presentation. The computed rates are found to agree well
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with previously published experimental results. A factor of
four enhancement in etch rate is shown with a aid of a
magnetic field.

1. D. C. Hison et al, Semiconductor International, Vol. 103,
p.10, 1983,

B5.3

SILICON FIIM AS A NEW ETCHING MASK FOR InP DEVICES,
X.S. Wu, Shuojin Wang®* and Zhangde Lu, Shanghai Institute of
Metallurgy, Academia Sinica. Shanghai, China; and Jun Chen,
Institute of Materials Science, Fudan University, Shanghai,
China.

Silicon film as an etching mask or a diffusion mask for GaAs
devices was reported previously. For similar reasons silicon
also has been expected to be a good etching mask for InP
based materials and devices.

On this letter, considerably different etching behaviors
between silicon and InP were shown in several chemicals. On
(100) InP substrates, silicon films were deposited by a rf
(13.56 MHz) magnetron sputtering system at room temperature
with a target of unintentionally doped silicon. For
comparison, a Si0, mask was also deposited on InP substrate
by CVD system at fow temperature. The films were analyzed
with SIMS, showing that the films were relatively pure
silicon up to the interface or $i0,,respectvely.

InP with Si mask or Si0, mask were etched in several
conventional chemica e etched facets were observed by
SEM. Their undersirable etched undercut were compared. It
is shown that undercut of InP with Si Stripe mask is smaller
than that with SiO, mask. In most of above chemicals, the
undercut of Si/ almost can't be observed as shown in the
Figures of the paper. However, the biggest undercut of SiO,
/InP is 0.83 in the solution of HCl and H3PO, (1:1). The
relatively stress of interface of Si/InP ahd SiO,/InP were
measured. The relation between stress and etch
was discussed.

* Permanent address: Zhejiang University, Hangzhou, China

B5.4

ETCHING OF GAAS ON ALGAAS IN RIE-MODE G.Kaufel, E. Olan-
der, Fraunhofer-Institut fir Angewandte Festkorperphysik,
Eckerstrale 4, D-7800 Freiburg, W. Germany.

This paper reports on the selective reactive ion etching
(RIE) of GaAs on AlGaAs for recessed-gate GaAs MESFET
technology.

MESFET or HEMT structures were grown, using MBE or MOCVD,
including thin (3 nm) AlGaAs etch stop layers to preci-
sely contro) the depth of the etched recess and hence the
threshold voltage of the devices. The structure of inter-
est for _etching consists of an 80 nm GaAs layer
(n=310"%/cx’), which is the contact layer of the recessed
ate devices, and a 3 nm AlGaAs etch stop layer
?n-mo”/a ). ]

The structure below the etch stop layer is dependent on
the particular device to be fabricated, but is irrelevant
to the etching process.

We used a Leybold MPE 3003 Plasma Etcher which contains
two etch modules and one deposition module. The etch gas
used was CF,C1, for GaAs and Ar for AlGaAs. Etching was
done at pressures between 30 mTorr and 100 mTorr and &
self bias between 47 V and 250. V. The Etch Profile of the
cransistor gate recess varied with the pressure; the
largest undercut is obtained at a pressure of 100 mTorr.
We found that it was necessary to use self bias voltages
below 150 Volts to stop the etching at the AlGaAs layer.
Beyond a certain voltage there is a significant increase

undercut




in the etch rate of AlGaAs. o
Up to a power range between 0.20-0.30 W/em?, no radiation
damage to a quantum well structure was observed using
photoluminescence.

B5.5

COPPER VAPOR LASER USED IN ETCHING AND DEPOSITION.
Belgacem Haba, Brian W. Hussey, Arunava Gupta, and Robert J. Bascman, IBM
‘Thomas J. Watson Rescarch Center Box 218, Yorktown Heights, New York HIS98.

We have carried out experiments for etching manganese-zinc
ferrite in aqueous KOM solutions using a copper vapor laser.
The high repetition rate (5-10 KHz), the high peak power (~
250 KW), and the short pulse length (10-15 ns) result in rapid
etching of grooves with high aspect ratios. The depth of the
grooves increased with laser power and slower scan speeds
while, the width was limited to the laser beam focus. The
etching process is believed to be purely thermal in nature
and limited only by the removal of the molten material out
of the grooves.

The copper vapor laser was also used as a
projection deposition of varijous metals on quartz substrate
by pure pyrolytic process. This system achieved patterns
with fine feature sizes, good resolution, and metallic prop-
erties of the deposits. In this technique, both the spun-on
organometallic films as well as LCVD were tried.

source for

B5.6

DOWNSTREAM ETCHING OF GaAs AND InP USING
MOLECULAR CHLORINE AND CHLORINE RADICALS.

1 j and Evelyn L. Hu, ECE Dept., University of
Caiiformia, Santa Barbara, CA 93106.

We report a systematic study of downstream etching ot GaAs
and InP in a well controlled, load-locked environment. Base
pressures of ~5x10-7 Torr are achievable. Molecuiar chlorine,
hydrogen chioride and chlorine radicals are independently
used to etch these materials and comparisons are made
between their highly temperature dependent etch rates. A
novel microwave source (McCarroll cavity) is used to generate
the chiorine radicals in a region remote from the sample and
thus eliminates physical sputtering mechanisms of etching.
The technique of remote plasmas {0 generate reactive species
has broad application to in- (u deposition and etching and in
this instance it will be compared to conventional reactive ion
etching (RIE) of these materials.

In the GaAs system, the remote plasma enhances the etch rate
by a tactor of nearly three in the temperature range from room
temperature 10 250°C. However, InP data suggest that at
temperatures below 140°C, chiorine radicais show no etch rate
enhancement over molacular chlorine and perhaps even
inhibit the etching rate. At temperatures above 140°C the etch
rates using chlorine radicals is again slightly faster than with
molecular chiorine. Under both of these etching conditions the
temperature dependence is weak above this temperature. In
contrast, RIE results indicate a rapid increase in the etch rate
past 150°C. Changes in surtace morphology and etch
anisotropy as a function of temnerature will be discussed.

B5.7

CUMBINING SPONTANEOUS MOLECULAR ASSEMBLY WITH
MICROFABRICATION TO PATTERN SURFACES:
COORDINATION CHEMISTRY OF FUNCTIONALIZED
ISONITRILES TO Pt SURFACES. J.J. Hickman, C.
Zou, D. Ofer, and M.S. Wrighton, Department of
Chemistry, Massachusetts Institute of

Teghnology, Cambridge, MA 02139; P. Laibinis, C.
Bain, and G.M. Whitesides, Harvard University,
Cambridge, MA 02138.

Pt electrodes can be functionalized by
spontaneous binding of p-(ferrocenyl)phenyl-~
isonitrile, I, or m-chloro-p- (ferrocenyl)-
phenylisonitrile, II, by reaction of pretreated
Pt with ~1 mM I or II in CH3CN at 298 K. FTIR is
consistent with attachment 0f I or II via a -NC-
Pt linkage. XPS, AES, and electrochemical
characterizations are consistent with attachment
of one monolayer of redox active material with a
potential of ~+0.6 V vs. Ag due to the
ferrocenyl moiety. XPS and AES show selective
binding (>100:1) of I or II to Pt compared to
the Si3N4 substrate of Pt microelectrode arrays.
An AES line scan shows the isonitrile to only be
on the eight Pt microelectrodes each ~2 um x ~90
pum long x 0.1 um thick and separated from each
other by 1.4 pum. The data show that spontaneous
self-assembly and microfabrication can be used
to pattern surfaces with redox active molecular
reagents.

B5.8

HOLLOW COLD CATHODE ION SOURCE FOR REACTIVE
ION-BEAM ETCHING. Stognij A.1., Tokarev V.V.,
Institute of Solid State and Semiconductor
Physics, the BSSR Academy of Sciences,P.Brovka
str. 17, Minsk, USSR, 220726.

The paper reports the results of etching the po-
lyimide film, sputtered onto the Si0Oz/Si subst-
rate with oxygen ion beam. The profile obtained
has abrupt slopes.The paper studies the influence
of ion beam energy and argon gas addition on

the formation of the profile "valley" part.

lon beam parameters were as follgws: beam cur-
rent density was up to 1.2 mA/cm”, beam diame-
ter was 12 cm, beam radial irregularity did not
exceed 5%, energy range was Z-5 ke/. Ion beam
was extracted from a wide aperture source of
reactive gas ions with a hollow cold cathode.
The distinctive feature of the ion source is

the use of double cascade self-maintained dis-
charge at low pressure as an ion emitter. This
ensures high beam operating parameters together
with the simple construction of a diode type.
Multipole magnet system having constant polari-
ty is located along the hollow cathode periphery
just near emission boundary and is employed to
form constant density plasma emission boundary.
The ion source ensures well collimated oxygen
ion beam with 0, /0 > 3 ratio, its contamination
level is less than 2%. The source can continious-
ly function for more than 100 hours.

B5.9

LASER INDUCED FORWARD TRANSFER FOR THE
DEPOSITION OF PATTERNED HIGH Tc¢c SUPERCONDUCTOR
THIN FILMS. E. Fogarassy, C. Fuchs, S. De Unamuno CRN
(IN2P3) Laboratoire PHASE (UPR n°292 du CNRS), BP 20, 67037
Strasbourg Cedex, France, and J. Perriere Université de Paris VII
(G.P.S. de 'ENS) 2 place Jussieu 75251 Paris Cedex 05.

The laser induced forward transfer (LIFT) technique has been
successfully applied, very recently (1), for deposing the new high Tc
YBaCuO and BiSrCaCuO superconductor compounds. These materials
are initially deposited in thin layer on an optically transparent support
by laser evaporation or another more conventional technique. By
irradiating under vacuum the film with a strongly absorbed single laser
pulse, through the transparent support, we are able to remove the film
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from the support to be ransferred onto a selected target substrate, hold
in contact with the original film. Using this new technique, we have
successfully transfexze with a one single ArF (193 nm) excimer laser
pulse (& 150 mJ/cm#) YBaCuQO and BiSrCaCuO precoated thin film
(£0.5 um) from the transparent support onto various substrates.
Transfer mechanism has been examined, in details, by using the one
dimensional thermal diffusion equation to simulate the heating, melting
and vaporization of these compounds, and possible consequences on
their stoichiometry were analyzed.

Experiments were also performed in order to demonstrate the
possibilites given by the LIFT technique for patterning the high Tc
superconductor films either by passing the laser beam through a mask
(mask patterning) or by focusing the beam with a lens system (direct
patterning).

(1) E. Fogarassy, C. Fuchs, F.Kerherve, G. Hauchecorne and
J. Perriere, J. Mater. Res. Vol. 4, n°5 Sep/Oct 1989.

B5.10

DIRECT EVIDENCE FOR THE CREATION OF MICRGPORES IN UV-IRRADIATED POLY-
(METHYL METHACRYLATE). J. A. Moore and J.-0. Choi, Rensselaer
Polytechnic Institute, Polymer Science and Engineering Program, Troy,
New York 12180-3590.

One rationale offered for the enhanced solubility of poly(methyl! methac-
rylate} which has been exposed to ultraviolet radiation (Hg-Xe lamp)

is that, in addition to a decrease in molecular weight caused by chain
scission, volatile byproducts of the decomposition reaction create
voids or micropores in the film which facilitate transport of solvent
into %2 body of the film and thereby enhance dissolutfon.

Using azobenzene as a probe with an intense ultraviolet absorption

we have accumulated direct evidence that a larger volume is available
after irradiatfon. Azobenzene exists as the extended trans isomer
under normal condftions, but upon irradiation at 335 nm it is isomerized
to the compact cis isomer by rotation about the weakened N=N bond in
the excited state. C(learly this isomerization process will be affected
by the amount of space (free volume, microporosity) available on the
molecular level as long as it fs small compared to the molecular dimen-
sions of the probe.

Films of PMMA including azobenzene were prepared by casting polymer
solutions containing the probe or by exposing pre-irradiated fiims

to the vapor of azobenzene. Under similar condittoas, films which

had been irradiated imbfbed more azobenzene than annealed, unirradfated
films or irradiated films which had been annealed above T,. These
materials were irradiated at 335 nm and the amount of trans azobenzene
which had been formed was monitored spectrophotometrically. The largest
amount of photoisomerization was observed for the pre-irradiated samples
which had been penetrated by azobenzene from the vapor, indicating

that the created free volume allowed the isomerization to proceed more
easily.

B5.11

REACTIVE ION ETCHING OF In-BASED III-V SEMI-
CONDUCTORS-COMPARISON OF Ci and CHg
CHEMISTRIES. S.J. Pearton, U, K. Chakrabarti, F. A. Baiocchi
and W. S. Hobson, AT&T Bell Laboratories, Murray Hill, NJ.

RIE of InP, InGaAs, InAlAs, InAs and InSb in CC1,F;, SiCly,
Cl,, and CyHg/H, has been compared in terms of the relative
ewch rates, stoichiometry of the etch surface, and residual ion-
induced disorder. The C;Hg/H; mixture at the appropriate ratio
(1:10) leads to smooth, controlled (100-300 A - min~') etching of
these materials, while the Cl;-based mixtures lead to faster
removal (600-1000 A - min~!), but with generally rougher surface
morphologies. Exposure to the CaHg/H, discharge leads 10
preferential removal of the group V elements to depths of <200 A
necessitating the removal of this non-stoichiometric layer in order
to obtain acceptable Schottky diode behaviour. This is not
necessary for Cl,-based etching, although the RIE samples show
excess surface leakage current. Under low pressure discharge
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conditions ion bombardment by hydrogen ions in the C;Hg/H,
plasma leads to reductions in carrier density in the first ~1000 A
of the near-surface region of InP. This damage can be annealed
out around 500°C, and appears to consist of point defects
unobservable by TEM. The main advantage to the use of
CoHg/H, is its better ewching characteristics for InGaAs in
comparison to the Cly-based chemistries.

B5.12

ELEVATED TEMPERATURE REACTIVE ION ETCHING OF
GaAs AND AlGaAs IN CyHg/H;. S.J. Pearton, W. S. Hobson,
AT&T Bell Laboratories, Murray Hill, NJ; K. S. Jones, University
of Florida, Gainesville, FL

The ewch rate, surface morphology and atomic composition,
depth of hydrogen passivation and near-surface disorder in GaAs
and Al,Ga;.;As (x = 0.09 — 1) have been examined as a function
of the sample temperature (50-350°C) during reactive ion etching
in CoHg/Hz. The etch rates are constant with time, show little
temperature dependence and decrease with increasing Al content
in the AlGaAs. The eiwched surfaces have smooth morphologies
for C;Hg concentrations less than ~40% of the total gas volume.
The As-to-Ga ratio in the near-surface region of GaAs remains
unchanged over the temperature range investigated, and the depth
of hydrogen passivation of shallow dopants is thermally activated
(Dy = 3.1 x 10 exp(-0.79 eV/kT) for GaAs and 1.8 x 1075
exp(—0.85 eV/kT) for Alg23Gag72As). A layer of sub-surface
dislocations approximately 40 A deep were observed in GaAs by
TEM for the highest power density discharges (1.3 W - cm™?).

B5.13

CHARACTERIZATION OF SIDEWALL RESIDUE FILM AND
ATOMIC STRUCTURE OF THE TRENCH FORMED BY BC1,/
cl, REACTIVE TON ETCHING. Sun Jin Yun and Young-

Jin Jeon, Elcctronics and Tcelecommunications
Rescarch Institute, Dacdog Danji P.0O. Box 8§,
Daejeon City, Korea and Jcong Y. Lee, Korea
Institute of Technology. Daejyeon City, Koresa.

The silicon
induced by

surface contamination and damage
trench etching in BCU1 /Cl, reactlive
ion etching (RIE) proccss were characterized by
mecans of x-ray photoelectron spectroscopy
(XPS), secondary ion mass spectrometry ({SIMS),
and high resolution transmission electron
microscopy (HRTEM).

are 710 -
composed of B and

The residue films et trench sidewsll
100 angstroms thick and are
Cl. The rcsidue at the upper region of trench
sidewall s thicker than thet of the lower
rcgion. The penetration of energetic ion species
was investigated by SIMS depth profiling. Atomic
configuration of a trench structure formed by
BCl,/C!, RIE was also observed by HRTEM. The
surface rpughness in sidewell caused by trench
cetching is severe more than 10 atomic layers and
the ncar~surface region is hecavily damaged.

B5.14

SUBSERA HALING TIHEOHS N FXCINER FASER
PLANARIZATION O ALUMINUA Robert - Baseman and Joseph ©
Andreshak 1RV Rewearch Division. 1BV U T Watson Research Ceater, 1O Bax
218 Yorktown Teghts, NY 10S9R

Substantal differences in excimer laser plananzation processes are observed with
substrate heating  Cavities, associated with filling of high aspect ratio vias at [
.ubstrate temperature, can be chiminated by substrate heating - Damage associated
with padse overlap segions can be temperature sensitive, and is reduced as substrate
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temperatures are increased. While required fluences for planarization and sample B5.17
damage both decrease as the sampie temperature increases, the relative insensitivity SELECTIVE CHEMICAL VAPOR DEPOSITION OF TUNGSTEN
of the damage threshold generally results in larger process windows at higher tem- Kl l:HS ON TITANIUM ION lRRADIATl'"U SILICON DIOXIDE
peratures. We also report model caleulations of the effect of substrate heating on H. Okuhira, S. Nishimatsu amj K. Ninomiya '
sample temperature distributions and the durations of the laser driven melts. Central 'Research La bc;ra tory, Hi Lach‘i , Lid. .,
Kokubunji, Tokyo 185. Japan

B5.15

WHOLE COMPOSITION RANGE DEPOSITION OF THIN PILMS
BY MAGNETRON COSPUTTERING AND ITS APPLICATIONS.
Qing-Ming Chen , Huazhong University of Science
an echnology, Wuhan, China; Yu-Dian Fan, and
Heng-De Ii, Tsinghua University, Beijing, China.

Magnetron cosputtering, 1i.e., simul taneous
sputtering of two or mare element targets, was
employed to deposit alloy thin films of 1/ binary
systems such as Co-Mo and Cu-Mo. The films which
allow the composition to cover the complete
composition range of the phase diagram can be
obtained at one time.The films were characterized
with the help of transmission electron microscopy
with hot stage, electron diffraction, and Ruther-
ford backscattering spectrometry. Many amorphous
phases and metastable phases were observed.

With the liquid-nitrogen cooling of substrates,
magnetron cosputtering creats the nonequilibrium
conditions of thin film growth.The nonequilibrium
situation may result in an enhancement of the
solid solubility, dramatic changes in the defect

density, the formation of metastable crystal
structures or amorphous phases, and changes in
microstructure. All of these are the subjects of
vital concern to the metallurgists. Magnetron

cosputtering is a useful method for studying the
subjects described above,

As an illustration,
nonequilidrium phase

the present paper gives the

diagrams of the Fe-Bi and
Cu-Mo systems which exhibit immiscibility in the
equilibrium phase diagrams, and also gives the
phase transition behaviours of the as-deposited
metastable phases when annealed at the hot stage.

B5.16
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STURING UF 51i1ud. Wilm A MULLUULAR BEAM OF F .,
b, Laugnling Mo Mioontjal, UlJ. uiaastone, M.T.
Schulvery, and S.T. Leyer, dJepartment of (hemistry,
Massacnusetts Institute of Techncloyy, (ambridye, MA
Jlisy.

Tne dissociative chemisorption of Fy on St(1UJ) has
been studied in order to investigate the potential
of neutral molecular beams as a dry etching
technique. The probability for dissociative
cnhemisorption of Fp on Si(100) at 25U K is about one
for fluorine coverages less than 0.5 monolayer and
is independent of Fp kinetic energy. The sole
desorption product observed under these conditions
in a thermal desorption spectrum is SiFy at 80U K.
Above 1 monolayer coverage, the dissociative
chemisorption probability for SiFz formation drops
to about %x10-2, However, further reaction of Fp
with * fluorinated silicon surface can be achieved
by raising the kinetic energy of the incident Fp to
above 5-7 kcal/mole. At these higher F coverages,
Sif4 therma) desorption is also observed. The Sifg
yield scales with normal incident kinetic eneryy of
the incident Fp. Tnese results suggest that etchiny
of 5i(100) by molecular Fp can be enhanced by
increasing the kinetic energy of the Fo beam,
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We demonstrate the selective deposition of adherent
tungsten (W) films on titanium (Ti) ion-irradiated
silicon dioxide (Si0.) using consecutive processes
of ArF excimer laser chemical vapor deposition (CVD)
and low-pressure (LP) CVD,

Ti ion irradiation is performed
metal mask in a CVD reaction chamber. Typical
energy and ion doses are 600 eV and 1.1 x 10'* ca~2,
respectively. Laser CVD with WFy and H., is then
performed for 40 seconds at 400 K. After laser CVD,
an ion irradiation pattern is clear but a metallic
film is not observed. After subsequent LPCVD at
600 K, a 500um-wide and 20nm-thick metallic pattern
appears preferentially on the ion-irradiated Si0,.
Good adhesion of the deposited film is confirmed by
a tape test.

through a stencil

ion -irradiation
and no W film
laser CvVD is

Without the laser
pattern disaopears
deposition oLCcurs. Therefore,
essential. However, longer laser (VD times cause
selectivity loss during LPCVD, and the deposition
of weakly adherent film on the entire Si0. surface.

CVD step, the
during LPCVD

This study was performed through Special
Coordination Funds of the Science and Technology
Agency of the Japanese Government.

B5.18

STATISTICAL INTERPRETATION OF IR AND UV PHOTO-
ABLATION. Ruediger Braun and Peter Hess,
Institute of Physical Chemistry, University of
Heidelberg, Im Neuenheimer Feld 253, D-6900
Heidelberg, F.R.G.

A photoablation model based on statistical con-
cepts is presented. This model takes into
account the optical, thermophysical and thermo-
dynamic properties of the condensed film and
uses statistics to calculate the number of
ablated species and their kinetic energy.

Photoablation from condensed van der Waals
films of benzene was studied employing a pulsed
CO, laser in the IR and a pulsed KrF laser in
the UV spectral region. The statistical model
gives a reasonable description of the nonlinear
fluence dependence of the ablation yield, which
varies by more than five orders of magnitude in
the fluence range studied. For this system,
where no chemistry is involved, the fluence
dependence of the kinetic energy of ablated
species 1is investigated experimentally and
compared with the theoretical model.
Polymer ablation was studied for polyimide
films and foils with CO, laser and XrF laser
pulses. The striking 'similarities in the
etching behavior for IR and UV photoablation
are discussed in the frame work of statistical
concepts. The most interesting feature of these
polymer ablation experiments is not the
threshold behavior, but a similar slope in the
etch rate versus fluence plot for IR and UV
photoaplation.
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THE EFFECTS OF SOURCE GAS, TEMPERATURE AND
PRESSURE ON THE SURFACE PLANARITY AND
MICROSTRUCTURE OF SILICON SEG AND ELO. M.C, Arst, K.N.
Ritz, J.T. Chen and S. Redkar, Philips Research Laboratories - Signetics
Comp., Sunnyvale, CA,; and J.O. Borland and J. Hann, Applied
Materials, Inc. - Santa Clara, CA.

The microstructure and surface planarnity of selective silicon epitaxial
growth (SEG) and epitaxial lateral overgrowth (ELO) have been ana-
lyzed via SEM and TEM. The samples in this study simulate size,
structure and densities of transistor active areas in IC's. The epitaxial
layers were processed in a low pressure CVD epi reactor (10-25 torr)
using SiH2C12 (DCS) as a source gas and deposition temperatures from
860°C and 950°C. Results from this study show that epi/SiO2 interface
faceting is strongly effected by the wafer loading (ratio of active silicon
to non-active or field oxide regions) and by epi growth parameters.
Faceting is less pronounced in samples with wafer loading values
greater than 50 %. Processing parameters like reducing reactor pressure
and HCl injection are also effective to minimize faceting. The additi .
of HCI duning the epi growth cycle, which reduces the growth rate, aiso
results in lower defect densities at the interfaces and the epi layer and
creates ELO surfaces much smoother than that achieved by growth
without HCL.

Applying these epitaxial techniques in IC processing requires to adjust
growth parameters 10 the device lay-out “loading" in order to obtain
after-epi wafer surfaces suitable for lithography. This effont of fine
tuning of the epi processing parameters was complimeted by
planarizing SEG and ELO surfaces by standard silicon wafer po.ishing
techniques. This step not only compensates for residual loading effects,
but also eliminates layer thickness non-uniformities while providing the
SEG and ELO layer with virgin wafer surface quality. Elecrical
performance of n-channel MOS transistors, built on as grown and
surface polished SEG samples, were measured and compared to data
from a standard MOS process with LOCOS isolation.

B5.20

IN-SITU CHARACTERIZATION OF CHEMICAL VAPOR
DEPOSITION. R. Scarmozzino, T. Cacouris, R.M.
Osgood Jr., Columbia University, New York, N.Y.

10027.

In-situ measurement of resistance has been used for
the real-time monitoring of metallorganic chemical
vapor deposition (CVD) growth characteristics. 1In
particular, a novel technique for measuring CVD
activation energies is presented. The micron scale
geometry of the experiment makes it relavent to work
in localized laser CVD. 1In this experiment, a thin
conducting line is first deposited between test pads
via laser photolysis of a metallorganic gas. By
applying a voltage to the pads, a current is induced
in the line which resistively heats it, causing
pyrolysis and subsequent growth. By monitoring the
current as a function of time, one simutaneously
obtains information on the CVD growth rate and the
power dissipation, which allows a measurement of the
activation energy. The technigque has been used to
measure the CVD activation energy of the
dimethylaluminum hydride (DMAlH).

B5.21
EDGE ENHANCED INTERLAYER DIFFUSION IN Al/Hf/aAl

VLSI METALLIZATION. X.S.Guo and W.A.Lanford,
State U. of N.Y. at Albany, NY 12222,
K.P.Rodbell, IBM-East Fishkill, Hopewell

Junction, NY 12533

Al/Hf/Al multilayer were patterned and reactive
ion etched into parallel stripes having stripe
widths from 0.5um to 200um. Due to the ion
bombardment and reactions between reactive ions
and Al/Hf/Al stripes on the sidewalls of the
stripe, there will be defects and damages near
the edges of the stripe. These defects and
damages will enhance the interlayer diffusion
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between Al and Hf layers. A 2 MeV He beam was
focused to 2um in diameter and scanned a few
thousand A across the edge of a stripe, the RBS
from the edge was compared with that from the
center of a stripe. Stripes with different
stripe width were also compared using RBS. It
was found that the interlayer diffusion near
the edge was enhanced, and the temperature
where the edge interlayer diffusion started was
25 degree C below that at the center.

B5.22

LASER WRITING OF HIGH PURITY GOLD LINES. M Jubber, J 1 B
Wilson, J L Davidson, P A Ffernie, P John, Heriot-Watt
University, Riccarton, Edinburgh £H14 4AS

Gold tracks have been deposited on thermally oxidised
silicon wafers by pyrolytic decomposition of gaseous methyl
(triethylphosphine)gold 1, using focussed 514nm radiation
from an argon ion laser. The precursor, AuMe(Et.P), is a
white crystalline solid with s relatively high vapour
pressure and is one of 3 series of compounds being evaluated
for lager deposition. Tracks were deposited at a speed of
35pms” ' with a spot size of = 12pm. SIMS, EDAX and laser
iohisation microprobe analysis (LIMA) were used to analyse
the chemical composition of the tracks; the purity of better
than 98% is consistent with the low value of room
temperature resistivity (4.23!2cm, compared with bulk gold

= 40cm), Stylus profilometry and SEM analysis showed the
lines to have an almost rectangular cross-section suggesting
that deposition is more rapid on the gold surface than on
the Si0, substrate.

B5.23

PHOTOSTIMULATED DEFECT-IMPURITY REACTIONS DURING ION
BOMBARDMENT OF SI. Alex B. Danilin, Yuri N. Erokhin,
Viktor N. Mordkovich, Institute of Microelectronics Tech-
nology and Superpure Materials USSR Academy of Sciences,
142432, Chernogolovka, Moscow rgn. USSR.

The influence of photoexitation on the defect-impurity
reactions during ion bombardment (904150 kev O+, P+ ions

to a dose of 3x1014 - 2x1016 cm~2) of Si was studied.
Photoexitation was performed by irraditation the sample
with the light with the wavelength shorter than one corres-
ponding to the Si energy bandgap.

It was shown that photoexitation makes the strong influence
on the formation of stable radiation defects (RDs) and

their complexes with impurities and causes:

a) considerable reduction of the RDs accumulation in

ion implanted layer; b) the increase of the dose of amorphi-
zation; c¢) non-monotonous change with the sample tempra-
ture in the region 500-700 K of the concentration of

soluted oxigen during ion implantation; d) the change

of velocity of oxigen atoms coagulation on precipitates;

e) stinulates diffusion of oxigen atoms in Si.

The model, based on recombination-stimulated annealing
of vacancy type point defects during ion implantation,
explaining the decrease of RD accumulation during the

early stages of ion implantation and increase of that

on late ones is proposed.

On the correlation of profile of the deformation peak

and spatial distribution of implanted species the influence
of elastic force field on the kinetic of defect formation
is discussed.

B6.1

GENERATION OF BLIND VIA-HOLES FOR A HIGH DENSITY
MULIT-CHIP-MODULE USING EXCIMER LASERS.

i i . , Siemens AG, Corp.
Production and Logistics Dept., Munich,
Fed. Rep. Germany

In recent years the on-chip delay has gone down

TN




much more rapidly than the signal delay in
packaged circuits. As a consequence of this the
packaging delay times have had to be reduced
drastically, which means that a greater
packaging density has had to be implemented.

A novel planar packaging technique, used in the
new SIEMENS main frame computer 7500 H 90 has
led to considerable progress in solving this
problem. An essential part of this system is a
multi-chip-module which can hold up to 144 bare
chips. The carrier of these IC's is a l16-layer
high density multilayer printed circuit board,
which is fabricated in a sequential process.

Interlayer contacts are formed by 80 ,um wide
blind via-holes, which are generated by ‘excimer-
laser ablation of the dielectric. The process
described in this paper shows that it is pos-
sible to produce blind via-holes with an aspect
ratio of about one in an extremely reliable and
reproducible way.

This process is already being successfully run
on a production line. It is to our best know-
ledge the first time excimer-lasers have been
used on a large-scale in an industrial environ-
ment.

B6.2

UV LASER-INDUCED ETCHING OF FIRST-ROW TRANSITION
METALS

George W. Tyndall IBM Almaden Rescarch Center, 650 Harry Road, San
Jose, CA 95120.

A quart7 crystal microbalance (QCM) has been used to study the Kri™® (248
nm) laser-induced etching of Ti, Cr, Fe, Ni and Cu by bromine. The
experiment consists of focusing the pulsed output of an excimer laser at normal
incidence onto the surface of a quartz crysial coated with the ransition metal.
Absolutc etch rates are determined from the change in the resonant frequency
of the QCM over time. Fach of the metals studied can be ctched by bromine
at laser fluences significantly below those required for ablation of the purc
metal. The dependence of the etch rate on bromine pressure and laser fluence
was measured to cllucidate the ctching mechanisms. The details of these
etching mechanisms will be discussed.

B6.3

PHOTOCHEMICAL AREA-SELECTIVE ETCHING OF Si AND
SlOz_US!NC SYNCHROTRON RADIATION.

i. Yuichi Utsumi., and Tsuneo

Urisu, NTT LSI Laboratories, Kanagawa, Japan.
Material selectivity and the surface reaction
scheme in the etching reaction are important
factors for controllable area-selective

processing. We have already reported [1,2] that
photochemical etching using synchrotron radiation
(SR) presents unique material selectivity, and
that the surface reaction can be expressed as
"photo-stiaulated reactive desorption.” This
report discusses in some detail the sechanisn
involved in SR-stimulated area-selective etching
of Si and Si02 using SFS gas.

Photon energy dependence of Si0 (thersa)
oxide) etching was studied to examine ahat kind of
surface photo-excitation was dosinant, Excitation
wavelength range was selected by changing SR beas
incident angles to Pt plane mirrors in the bean
line. Experimental results indicate that the most
important factor is core electron excitation of
surface SiQ, molecules. The influence of dopant
in Si otch?nx was also studied using B-doped. P-
doped, and undoped poly~Si films. The etching
rate decreased with increasing dopant
concentration. independent of conduction type,
This characteristic is quite different from the
case for excimer laser or plasma etching
According to our reaction model this result can be

explained as active species quenching by sajority

carriers.

(I)T.Urisu et al. J.Vac.Sci.& Technol. B5 (1987)
1436. (2)J. Takahashi et al. Extended Abstracts
1988 Int. Conf. Solid State Devices & Mat. p.73.

B6.4

EXCIMER LASER-ASSISTED ETCHING OF SILICON USING CHLORO-
PENTAFLUOROETHANE. S, D, Russell, and D. A. Sexton,

Solid State Electronics Division, Naval Ocean Systems Center,
San Diego, CA.

Laser-assisted photothermal chemical reactions have been
observed with silicon in a chloropentafluoroethane ambient
using a KrF" laser at 248 nm. Etching occurs only if the
incident fluence exceeds the melt threshold (~0.75 J/cm?),
and is monitored by the change in silicon reflectance at 633
nm. Above the ablation threshold (~2.2 J/cm?) increased
surface roughness is observed. Etch rates ~7 A/pulse have
been measured using both stylus profilometer and SEM cross-
sectional techniques. The etch rate dependence on incident
fluence, ambient pressure, doping concentration, crystal
orientation and substrate temperature will be presented.
This process allows single step patterning of silicon devices
in a non-corrosive environment.

B6.5

LOCALIZED LASER-ASSISTED ETCHING OF COPPER FILMS BY
CHLORINE USING RAMAN SPECTROSCOPY FOR jp situ FILM
ANALYSIS. Hua Tang and lrving P. Herman, Depantment of Applied
Physics and the Microelectronics Sciences Laboratories, Columbia
University, New York, NY.

Etching of copier films on glass was studied by localized laser substrate
heating (4880 A) in the presence of chlorine gas. The spontaneous
reaction of Cu with chlorine a1t room temperature forms a film {1}, which
was identified to be CuCl by Raman spectroscopy at 77 K. If the chlorine
is then evacuated, laser heating can remove this CuCl film locally, down 1o
the remaining copper film. If instead chlorine is present during laser
heating, a bump is formed. In producing this feature, the CuCl layer and
some of the underlying Cu film are converted to CuCly, as identified by in
situ Rarnan analysis at room temperature. Afier removal of the chlorine,
ewched CuCl/Cu regions are formed with micron-dimension patterns after
subsequent in situ laser heating of these features or gx sjfu ninsing in
solvents.

This work was supported by the Office of Naval Research and IBM.
{1} W. Sesselmann and T. J. Chuang, Surf. Sci. 176, 32 (1986).

B6.6

SELECTIVE TUNGSTEN CVD ON A-SI:H BY PULSED UV
LASER MODIFICATION OF THE NATIVE OXIDE. Arthur T.
Howe, K. V. Reddy, Darrell L. Wuensch and Jeff T.

Niccum, Technology Division, Amoco Technology
Company, PO Box 400, Naperville IL 60566:; and
Gerry W. Zajac, Analytical Division, Amoco

Corporation, PO Box 400, Naperville IL 60566.

Laser patterning processes which use comparatively
low laser intensities are of interest for
applications requiring masks, or involving
thermally sensitive devices. We have studied such
a process involving the indirect control of
tungsten chemical vapor deposition on a-Si:H by
laser modification of the native oxide. The
process has potential for use in the fabrication
of active matrix flat panel displays.

Excimer laser pulses, of wavelengths 193, 248 and
308 nm, and fluences of approximately 100 nJ/cm?,
wers shown to cause slight growth of the native
oxide on a-Si:H, and XPS studies of the effect
will be described. The oxide growth was sufficient



to J:.nhibit the reaction of WFy with the underlying
silicon, thereby inhibiting tungsten growth on the
regions exposed to the laser. Conditions under

which patternability was achieved will be
discussed.
B6.7

WAVELENGTH~-DEPENDENT AREA SELECTIVITY IN PHOTO-
CHEMICAL VAPOR DEPOSITION OF ALUMINUM FILMS.
Mitsugu Hanabusa and Masashi Ikeda, Toyohashi
University of Technology, Tenpaku, Toyohashi 440,
Japan.

We observed a wavelength-dependent thickness pro-
file in photodeposition of aluminum thin films
via photolysis of dimethylaluminum hydride by a
deuterium lamp. Under illumination of the full
spectrum including the VUV around 160 nm the
deposit was formed preferentially in illuminated
regions, while such area selectivity has been
lost and uniform thickness was observed even out-
side the illuminated regions when the VUV was
eliminated by a proper filter and the UV above
about 180 nm was used,

The observed change in area selectivity reflects
a shift in the relative importance of surface and
gas phase reactions with wavelengths. With the
VUV, nuclei can be formed via surface photolysis
of adsorbates on silicon substrates, while with
the UV only such nucleation is initiated only by
arrival of photofragments produced in gas phase
and diffused onto substrate surfaces. Once the
nuclei are formed, the film growth continues with
or without the VUV,

The observed effect offers an interesting possi-
bility in controlling area selectivity in various
applications. Also area selectivity is con-~
trolled by changing vapor pressures and substrate
temperatures, as well., In combination of all
these we can take a full advantage of photo-
induced processes to control area selectivity.

B6.8

KrF EXCIMER LASER INDUCED DEPOSITION OF TITANIUM
FROM TiCls. R. _lzquicrdo. M. Mcunicr and C. Lavoic, Groupe
des Couches Minces et Département de Génic Physique, Ecole
Polytechnique. Moniréal, Canada H3C 3A7.

We have investigated the deposition of utanium from TiClg
induced by KrF excimer .aser ( A=248 nm). Subtratcs used are:
1) glass; 2) crysialline silicon for possible formation of
‘itanium  silicides contacts; 3) LiNbO3 for the formation of
Ti:LiNbO3 waveguides (1). When the laser with fluences of 1
ml/pulse is focused, lines of 5 to 10 um with and 1000 A thick
can be written at a spced of 5 um/scconde on crysialline silicon
and glass. However, the low damage threshold for LiNbOj3
requires to lower the input energy to < 0.01 ml/pulse, thus
reducing the film thickness 1o approximatcly 30 Angstroms at
the same deposition speed.

In order to understand the basic mechanism of this deposition
process, we have performed a preliminary study of the film by
XPS and SEM. When the LiNbO3 surface is exposed to 10 Torr of
TiClg and then evacuated, XPS shows that the adsorbed layer
has [Ti}/{Cl}=3 and this ratio is not greatly affected when
exposed to the unfocused laser in an evacuated cell. This
suggesis the imponance of the gas phase chemisiry. Moreover,
at pressures higher than 5 Torr of TiCl4g. gas phase absorption
leads 10 powder formation of 1 um diamecter deposited on the
surface; XPS analysis shows that their composition s
[Ti)/IC1}=10. Possible deposition models based on this
information will be presented.

(1) 1.Y. Tsao et al, Appl. Phys. Lew. 42, 559 (1983).
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B6.9

SELECTIVE RAPID THERMAL CVD OF GERMANIUM
D.T._Grider, M.C. Oziurk, J.J. Wortman, Y. Zhong*, North
Carolina State University, Department of Electrical and Computer
Engineering, Raleigh, NC 27695-7911, D. Bartchelor, P. Russell,
Department of Materials Science and Engineering, Raleigh, NC
27695-7907.

Selective depositions of germanium thin films have been
investigated in a cold-wall rapid thermal processor using 3.0 - 8.0%
GeHgy diluted in a hydrogen carrier gas at pressures between 1.0 to
7.0 Torr and at temperatures up to 575°C.  Deposition rates
exceeding 3500 A/min were obtained, making germanium
compatible with the throughput requirements placed on single wafer
manufacturing. Germanium growth progresses by the formation of
germanium islands, which then grow both vertically and laterally,
resulting in a rough surface. This roughness is deposition
temperature dependent with smoother films being deposited at lower
temperatures. Methods of improving the roughness of these films
have been investigated.

Current silicided contacts to ultra shallow source/drain junctions are
limited by the ability to controllably deposit thin metal layers to
minimize silicon consumption. Selectively deposited germanium
films can be used in current MOSFET technologies as a buffer layer
between refractory metals and the underlying source/drain regions.
With this goal, selective wungsten deposition on selective germanium
has also been investigated.

* On leave from Liaoning University, Physics Department, China

B6.10

LASER-INDUCED LOCAL DECOMPOSITION OF ADSORBED
TUNGSTEN FLUORINE MOLECULES FOR METAL
DEPOSITION ON SILICON.

C.N.E.T.

G. Auvert, D. Tonneau, Y. Pauleau,

BP98,38243 Meylan, France.

Decomposition of tungsten hexafluoride on silicon
substrates under cw argon laser irradiation in the
visible domain has been extensively studied in
presence of various buffer or reactive gases.

Decomposition rate is found to be limited either by a
mass transport phenomena or by a thermally activated
process. It has been found that no photolytic
decomposition process can be invoked as the limiting
step in the decomposition rate.

Depending on the partial pressure of added hydrogen,
irradiation proceeds either in a local etching of the
silicon surface even through the native oxide or in a
local deposition of tungsten lines with good electrical
properties. In the high pressure domain, deposition
kinetics are consistent with mechanisms invoked in
conventional chemical vapor deposition reactors. A
different mechanism which appears in a lower
pressure domain will be tentatively interpreted in
correlation with the laser-induced temperature.

B6.11

EXCIMER LASER INDUCED DEPOSITION OF TUNGSTEN
FROM W(CO)e¢ AND WF. . B. RAGER und F. Bachmann
siemens AG, Corp. Production and Logistics Dept.
otto-Hahn-Ring 6, 8000 Munich 83, FRG.

The ArF laser induced deposition of tungsten on
Si-surfaces {with native oxide) from W(CO)¢ and
WFs was investigated under various experimen-
ta)l deposition conditions. The dependence of
the deposition rate on laserenergy fluence was
studied. With an in-situ reflectivity measure-




ment the growth of the metallic layer could be
monitored during the deposition process. We find
that the initial stage of layer growth as well
as the relative reflectivity as a function of
deposition time critically depends on the 1laser
fluence.

Model calculations have been performed to com-
pare the measured reflectivity curves with the
calculated curves.

The deposited tungsten layers have been analyzed
by X-Ray-Photoelectron Spectroscopy and Auger-
Electron Spectroscopy. The optical constants
have been determined by ellipsometry.
Resistivity values of about ten times of the
bulk value have been measured by a four point
probe.

In addition, experiments of direct pattern
transfer deposition have also been carried out.
The spatial resolution capability of the deposi-
tion process will be illustrated and discussed.

B6.12

DIRECT WRITING OF COPPER LINES USING ND:YAG
LASER AND COPPER FORMATE PRECURSORS. Heinrich
G. Muller and Siegfried Schuler, TU Berlin,
Forschungsschwerpunkt Mikroperipherik, Berlin,
FRG.

Laser direct writing techniques have be. a1 used
for depositing copper lines from water soluble
precursor films of copper formate. The deposi-
tion area is scanned with a cw Nd:YAG laser
spot. By this method writing speeds of up to 50
mm/s and very ¢good adhesion on alumina
substrates could be reached.

The thin copper lines deposited using the above
technique serve as seeds for further chemical
copper deposition. The process offers great
potential for thin film hycrid interconnects.

The details of the technique are discussed,
including the formation of the precursor films,
effects of the substrate surface, influence of
the precursor film thickness on seed formation,
and giving an analysis of the copper films
obtained.

B7.1

LASEF-INDUCED FCRMATICN AND SURFACE PROCESSING
OF HIGH-TEMPERATURE SUPERCONDUCTORS. Dieter W.
Baucrle, Angewandte Physik, Johannes-Kepler-
Uriversitat, A-4040 Linz, hustria

ReCent results on the In-situ deposition of thin
2xtended films of Y-Ba-Cu-0 and Bi-Sr-Ca-Cu-0
usirng laser sputtering technique are presented.
Surface patterning of these materials by
laser-induced reduction, metallization,
oxidation and ablation has been performed with
both ceramic samples and thin films.

B7.2

LASER PATTERNING AND ELECTRICAL PROPERTIES OF
SUBMICROMETER LINES OF Y-Ba-Cu-O. LP._Zheng Q.Y.
Ying, H.S. Kim, D.T. Shaw and H.S. Kwok, Institute on Superconduc-
tivity, State University of New York at Buffalo, Bonner Hali, Buffalo,

NY 14260

0.6 um-wide lines of high Tc Y-Ba-Cu-O have been fabricated by
direct laser writing on mirror-like thin films which were grown by laser

deposition without post annealing. The apparatus used in this study
consisted of a single mode Q-switched Nd:YAG laser. The laser beam
was focused to a diameter of 1 um by a optical micro-objective lens.
The film was translated by two computer-controlled stepper motors.
The laser fluence was adjusted to slightly above the ablation threshold
of 2 J/cm?, The maximum scanning rate of the system was 0.5 mm/sec
and was limited by the laser repetition rate of 1 kHz.

To characterize the patterning system, as well as the superconducting
film, superconducting microstrips in the range of 0.6-85 um wide were
produced with a length of 100 u.m. After patterning, the Tc(R =0)
decrease by less than 4 K from 81 K of original film for the 85-1.6 um
lines. However, for the 0.6 um line, Tc(R =0) decrease to 69 K. It is
believed to be due to the finite grain size of the Y-Ba-Cu-O film. All
the patterned lines showed J¢ of 4x10° A/cm? at 20 K. This value com-
pares favorably with results using other patterning techniques. These
patterned lines have been successfully applied to the study of optical
detectors using Y-Ba-Cu-O films.

B7.3

PULSED EXCIMER LASER ABLATION FOR THE DEPOSITION
OF YBaCuO AND BiSrCaCuQO COMPOUNDS : MATERIALS
DISTRIBUTION AND STOICHIOMETRY. C. Fuchs and E.
Fogarassy, CRN (IN2P3), Laboratoire PHASE (UPR n°292 du
CNRS), B.P. 20, 67037 Strasbourg Cedex, France

Pulsed laser ablation from solid targets appears to be a very convenient
means to deposite thin films of a wide variety of materials including
recently the new high T superconductor compounds (1).

The nature and the relative concentrations of atomic species and
macroscopic size particles leaving the irradiated target surface and their
spatial distribution, which are at the origin of the properties and quality
of the deposit, depend on the various parameters involved in the laser-
solid interaction.

We investigate, in this study the laser ablation processes for YBaCuO
and BiSrCaCuQ thin film deposition, using a pulsed ArF (193nm)
excimer laser. The deposition ﬁparametem. especially those which are
relevant to the geometrical configuration of the experimental set-up and
laser irradiation copditions are examined in details. At low energy
density (< 0.5 J/cm<), the evaporation process appears to be close to
thermal equilibrium and characterized by a broad angular distribution
(~cos 0) of the vaporized target material. At high energy density, a
ionized plasma of elemental species is generated in front of the target
surface and the ablated materials are ejected in a distribution which is

strongly peaked (~cos? 8, n >> 1) in the direction normal to the target
surface. The angular variation of the stoichiometry in the thin films are
also measured and correlated both on the thermal emission law and
plasma expansion dynamics. Finally the origin of the macroscopic
spherical particles (~Ijum diameter) which are ejected with the atomic
species from the irradiated target are discussed on the basis of our
experimental results.

(1) See for example D. Biuerle, Appl. Phys. A 48, 527, (1989).

B7.4

Lt ASER PATTERNIG OF HIGH Te SUPERCONDUCTING THIN
FILMS. G.G. Bentini, M. Bianconi, L. Correra,
S. Nicoletti(%), S. Naldini{®*), CNR-Istituto
LAMEL , Via Castagnoll, 1, I1-4p126 Rologna,
Italy:; (*) AUR.EL S.p.A, Via Casadei, 7?7, I-47015

Modigliana, Italy

High Tc superconducting thin films were prepared
by Jlaser ablation of bulk material on MgO and
Sr1103 subgtrates. After the laser deposition
the films were annealed in 02 atmosphere to get
a sesharp resfstivity vs. temperature transition
and an high current density.

In order to obtain narrow lines of
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supercanducting material, the films were mounted
onto an X-Y computer controlled stepping stage

and irradiacted with a pulsed laser beam
focalized on the sample surface. The
irradiations were performed under vacuum, inert

or reactive atmosphere.

The patterning efficiency was measured as a
function of the irradiation conditions (i.e. the
number of pulses per frame, the laser fluence
and the ambient atmosphere) .

The electrical behaviour of the patterned film
was studied os a function of line width for
different film thichneases and morphologies.

B7.5

A A" D MP ION OF GAS PHASE AN
F N TALL!

Thomas Beuermann, Yanping Zhang, Michael Stuke

Max-Planck-Institut fir biophysikalische Chemie, P.O. 2841,

D-3400 Géttingen, F.R. Germany

The metal alkyls rimethylaluminum (TMA), trimethylgallium (TMG) and
trimethylindium (TMI) are decomposed by tunable UV laser light in the
range 200 - 320 nm with collision-free product detection by laser mass
spectroscopy using short and ultrashort laser pulses. In the gas phase, these
compounds decompose via a one-photon process in the wavelength region
studied. Using ultrashort laser pulses of 1 ps duration, unstable
photoproducts like AI(CH3)2, Ga(CH3)2 and In(CH3)7 are detected with
good signal to noise ratio, whereas they are not seen with ns laser sources.
The photolysis laser wavelength dependence of the yields of atomic and
molecular photofragments will be given. As a surprising result metal atoms
Al, Ga and In are formed already at lower photon energies than the metal-
monomethyl radicals AICHj3, GaCH3 and InCH3. A mechanism,
explaining the photolysis of trimethyl compounds of group III elements, is
presented. Results on the tunable UV laser photoproduct distribution from
surface adsorbed organometallics indicate, that some photoproducts are
formed at lower threshold photon energy compared to the gas phase. A
comparison between decomposition pathways of gas phase and surface
adsorbed organometallics will be attempted.

B7.6

LOW TEMPERATURE INTERLEVEL SiO,-LAYERS BY PHOTOINDUCED PRO-
CESSING. H. Sigmund, A. Klumpp and G. Springholz, Fraunhofer-
Institute for Solid State Technology, Paul-Gerhardt-Allee 42,
8000 Munchen 60

Deposition of Si0, fror tetraethoxysilane (TEOS) by LPCVD and
recently also by PECVD has become very conveniently as
interlevel dielectric because of better step coverage
properties of the filas than corresponding films deposited from
silane. Yet for lov temperature planarizing (< 400°¢) 5109
iayers multistep processing schemas such as deposit-etch-
deposit by alternsting plassa and thermal CVD (TEOS + O;) are
necessary to obtain the desired planarized profiles. Process
flous are then more conplex and throughput is reduced.

We studied photoinduced polyaerization reactions of TEOS in
order to deposit poly-siloxane layers with suitable viscosity
properties and layer thicknesses. Dependent on the topological
properties of the IC surface the viscosity and the fila thickness
can be controlled by the deposition parameters, so that
different planarizing properties (step angie, step coverage)

may be adjusted. In a second processing step the poiy-siloxane
layers are then transformed in 3 combined thermal/photolytical
or thermal/plasaa treataent to $10,. Typical examples for the
planarizing properties of these techniques as IC interlayer
dielectrics are presented. The physical and electrical proper-
ties (stress, etch rate, breakdown voltage) of these dielectric
layers are given. These results are obtained with an experi-
sental multichamber equipment.

B7.7

PHOSPHORUS DOPING INTO SILICON USING ArF
EXCIMER LASER . A, Slaoui, F. Foulon, E. Fogarassy and
P. Siffert, Laboratoire PHASE (UPR du CNRS n°292), CRN,
23 rue du Loess, 67037 Strasbourg Cedex, France.

Chemical doping of single - crystal Si in a PFg atmosphere is
performed by irradiation with an ArF laser at 193 nm. We
have investigated the dependence of doping parameters -
laser fluence, number of pulses and PF5 gas pressure - on

the sheet resistance and the impurity concentration profiles.
Two kinds of doping, the doping in PFg ambients and the

doping using only the adsorbed layer, have been performed.
From these results, it is found that phosphorus atoms are
produced by pyrolisis of physisorbed layers of PF5 formed on

the silicon surface. As for the incorporation mechanism, it
is shown that the process in mainly diffusion limiting.
Electrical characteristics of n*p junctions formed by this
technique seem to be stronly limited by the presence of point
defects induced by laser irradiation.

B7.8

RéLES OF GAS PHASE AND SURFACE PHOTOLYSIS IN LCVD FROM
FeiC0)g*. Xu Xin™" ana J.I. Steinfeld, Department of
Chemistry, Massachusetts Institute of Technology,
Cambridge, Massachusetts 02139,

Laser-driven deposition of metallic thin films from
gas-phase precursors involves a complex interplay of
gas-phase photodissociation and photolytic and thermal
processes in the deposited films. We have been
investigating these processes for deposition from iron
carbonyl with argon fluoride and krypton fluoride excimer
Jasers, using profiling XPS and profiling auger electron
spectroscopy to determine the chemical nature of the
resulting films. The deposition is initiated by one- and
two-photon sequential dissociation of Fe(C0O)g, with both
iron atoms and unsaturated Fe{CO), fragments depositing
from the gas phase. Both thermal and photolytic processes
take place in the growing iron film, with some of the
carbon and oxygen driven off in molecular form and some
being dissociated to form carbide and oxide moieties in
the film, Some simple mathematical models have been
developed to represent the dependence of growth rate and
C/0 content of the film on such parameters as laser
fluence, laser wavelength, and substrate properties,

*Supported by National Science Foundation, Air Force
Office of Scientific Research, and Digital Equipment
Corporation,

**on leave from Institute for Atomic Energy Research,

Beijing, People's Republic of China

B7.9

ROOM TEMPERATURE PHOT0-OXIDATION OF HYDROUGENATED SILICON-
CARBON ALLOYS. P John, 1 M Odeh, A Qayyum and J ] 8
Wilson, Heriot-Watt University, Riccarton, Edinburgh
CH14 4AS

Hydrogenated amorphous silicon-carbon slloys, &-5i:C:H,
have been deposited as thin films on crystalline silicon
substrates from 8 capscitively coupled rf discharge in
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silane-propane mixtures. Variations in the silicon-
carbon ratios in the films vere achieved by altering the
SiHb to C3H flow rates at a substrate temperature,

T = 250 - 960°C, and total pressure, P. = 100 mtorr. The
s?oichiometry of the allows was established by XPS and the
hydrogen content by attenuated total reflectance infrared
spectroscopy.

For values of the carbon content, X, = 0.3, the films
oxidise in air on illumination with the colliggted output
of a Xe-arc lamp at an irradiance of - 30mWem ©. Photo-
oxidation also occurred with the frequency doubled (257nm)
Art laser. In neither experiment did the measured or
calculated surface temperature exceed 50°C.

The photostructural changes were investigated by ATR
infrared spectroscopy. Inductive effects on the
degenerate Si-H stretching modes were observed due to
contiquously bound oxygen to SiH_ groupings. In contrast,
the structured band envelope of Fhe C-H stretching mode
remains unchanged during oxidation. The local bonding
environment was also elucidated by measurement of the C(1s),
Si(2s) and Si{2p) binding energies.

Contact photolithography demonstrated a spatial resolution
of at least 5pym for the photo-oxidation process.

B7.10

MECHANISM OF SELECTIVE AREA GROWTH OF ALUMINUM
BY ORGANOMETALLIC CHEMICAL VAPOR DEPOSITION
Krishnan Raghavachari, G. S. Higashi, and M. L. Steigerwald, AT&T
Bell Laboratories, Murray Hill, NJ 07974

The pyrolysis of triisobutylaluminum occurs much more readily on the
surface of Al than on the surface of an oxide. This propensity allows
Al 10 be grown selectively on a wafer and may simplify cenain
metallization sieps in integrated circuit manufacture. For example, the
filling of high-aspect ratio via holes for applicauons in multilevel
metallization might be performed using such an Al deposition technique.

In this study, ab-initio quantum chemical techniques have been used to
elucidate why Al deposition is more facile on an Al surface than on an
oxide surface. Such a deposition is governed principally by the
activation barrier involved in a beta-hydrogen elimination reaction of the
organometallic precursor (e.g., triisobutylaluminum). We have now
calculated the transition states which determine this activation barrier
for Al atoms in different chemical environments. Efficient gradient
techniques have been used to determine the geometries of the transition
states and the barriers have then been obtained by accurate calculations
including the effects of electron correlation. Such molecular cluster
calculations show that the transition state barrier for the beta-hydride
climination reaction increases substantially when comparing an Al atom
bonded to other Al atoms vs. O atoms, explaining the observed surface
selectivity. Detailed analysis of our results reveals that the the relative
beta-hydride elimination barriers in different environments are
determined principally by the energetics of promoting an electron to the
empty pr-orbital on the Al

B7.11
METAL DEPOSITION WITH INCOHERENT EXCIMER
RADIATION. Hilmar Esrom and Ulrich

Kogelschatz*, Asea-Brown-Boveri AG, *Corporate
Research Heidelberg, FRG Germany, Corporate
Research Baden, CH Switzerland

Resently we have shown /1/ that the incoherent
UV radiation of a silent discharge excimer
source is well suited for the photolytic
decomposition of palladium acetate films. The
disgharge emits the second continuum of the
Xep excimer peaking at 172 nm. Using the new
excimer source 1in a reactor flooded with
nitrogen structured and large area palladium
deposits are obtained. The palladium layers
were reinforced by electroless copper plating.
Palladium deposition rates are measured as a
function of the electrical input power of the
silent discharge. It will also be shown that
higher deposition rates can be obtained in the
evacuated reactor. Also higher substrate
temperatures have a conciderable influence on
the deposition rates. The quality of these
films is compared to f£films obtafned with
excimer laser irradiation. With incoherent UV
radiation extremely smooth £ilms on various
substrates were obtained while laser deposited
films are discontinuous.

/1/ H.Esrom,G.Wahl and U.Kogelschatz,
Euro-Conf. on CVD, Perpignan, June 1989, in
print
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Chair: J. M. Gibson
Monday Morning, November 27
Salon A/B (M)

8:30 *Cl.1
ONSET OF GaAs HOMOEPITAXY AND HETEROEPITAXY,
D.K. Biegelsen, Xerox Palo Alto Research
Center, Palo Alto, CA.

9:00 *Cl.2
HIGH RESOLUTION ION SCATTERING STUDIES OF
THIN EPITAXIAL FILMS, Ruud M. Tromp, IBM
Research Division, T.J. Watson Research
Center, Yorktown Heights, NY.

9:30 Cl.3
ATOMIC STRUCTURE OF CaSi,/Si INTERFACES,
Chris G. Van de Walle, Philips Laboratories,

Briarcliff Manor, NY.

9:45 Cl.4
THE STRUCTURE AND CHEMISTRY OF THE Ge/SAP-
PHIRE INTERFACE, Geoffrey P. Malafsky and
David J. Godbey, Naval Research Laboratory,
Electronics Division, Washington, DC.

10:00 BREAK
SESSION C2: INITIAL STAGES

Chair: R. Feenstra
Monday Morning, November 27
Salon A/B (M)

10:30 *C2.1

ENERGETICS AND ELECTRONIC STRUCTURE OF GaAs
ON 8i, J.E. Northrup, Xerox Palo Alto
Research Center, Palo Alto, Ca.

11:00
STRUCTURAL ENERGIES OF ANTIPHASE DOMAIN
WALLS IN GaAs, David Vanderbilt and L. Brey,

Harvard University, Department of Physics,
Cambridge, MA.

11:15 C2.3

VERY THIN 2D GaAs FILMS ON Si DURING THE
EARLY STAGES OF GROWTH BY MBE, D,B. Fenner,
Xerox Palo Alto Research Center, Palo Alto,
CA, and Santa Clara University, Physics
Department, Santa Clara, CA; David K.
Biegelsen and B.S. Krusor, Xerox Palo Alto
Research Center, Palo Alto, CA.

*Invited Paper

Short Courses C-01, "Modern Materials
Analysis Techniques," C-14, "Scanning
Tunneling Microscopy," €-19, Practical
Transmisgion & Analytical Electron Micros-
copy-Theory," and F-08, "Ceramic and Metal
Matrix Composites," may be of interest to
symposium attendees. Details regarding
course dates and instructors are provided in
the short course section of this program.

11:30 Cc2.4

um-SCALE LATERAL GROWTH OF Ga-MONOLAYERS
OBSERVED IN-SITU BY ELECTRON MICROSCOPY, J.
Qsaka and N. Inoue, NTT, LSI Laboratories,
Atsugi City, Japan.

11:45

THE INITIAL STAGES OF GROWTH OF InSb ON
GaAs(100) BY MBE - A HIGHLY LATTICE MIS-
MATCHED HETEROINTERFACE, C.J. Kiely, Univer-
sity of Liverpocl, Department of Materials
Science and Engineering, Liverpool, United
Kingdom; A. Rockett, University of Illinois
at Urbana-Champaign, Material Sciences
Department, Urbana, IL:; J-I. Chyi and H.
Morkoc, University of Illinois at Urbana-
Champaign, Coordinated Science Laboratory,
Urbana, IL.

SESSION C3; SURFACE STUDIES UNDER
GROWTH CONDITIONS
Chair: R. Tromp
Monday Afternoon, November 27
Salon A/B (M)

1:30 *C3.1
LOW ENERGY ELECTRON MICROSCOPY OF ATOMIC
SCALE STRUCTURES OF SURFACES, E. Bauer, M.
Altman, M. Mundschau and W. Swiech, Tech-
nische Universitédt Clausthal, Physikalisches
Institut, G&éttingen-Clausthal, West Germany.

2:00
THE INITIAL STAGES OF GROWTH OF SI ON
SI(111) BY SPA-LEED, .
IBM T.J. Watson Research Center, Yorktown
Heights, NY; M. Henzler, Universitaet Han-
nover, Institut fuer Festkoerperphysik,
Hannover, Germany.

2:15
AUTOEPITAXY ON AU(111) STUDIED BY SCANNING
TUNNELING MICROSCOPY, M.M. Dovek, C.A. Lang,
J. Nogami and C.F. Quate, Stanford Univer-
sity, Department of Applied Physics, Stan-
ford, CA.

2:30 Ccl.4
STM OF GOLD ON GRAPHITE, P.A. Thomas, IBM
Corporation, East Fishkill, NY; W.H. Lee
and R.I. Masel, University of 1Illinois,
School of Chemical Sciences, Chemical En-
gineering Department, Urbana, IL.

2:45
PHOTOEMISSION CHARACTERIZATION OF THIN FILM
NUCLEATION ON INERT SUBSTRATES, G, Haugstad,
A. Raisanen, C. Caprile, X. Yu, G. Ceccone
and A. Franciosi, University of Minnesota,
Department of Chemical Engineering and
Materials Science, Minneapolis, MN.

3:00 BREAK

(
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ON C4: HE STRUCT
Chair: R. Bringans
Monday Afternoon, November 27
Salon A/B (M)

3:30 *C4.]
MEASUREMENT OF THE RELATIVE POSITION OF
ADJACENT CRYSTALS, AND THE MODELLING OF
INTERFACIAL STRUCTURE, R.C, Pond, University
of Liverpool, Department of Materials Sci-

ence and Engineering, Liverpool, United
Kingdom.
4:00 ca.2

INTERFACE STRAIN AND THE VALENCE BAND OFFSET
AT THE LATTICE MATCHED 1Ing_g3Gag_47As/InP
INTERFACE, Mark S. Hybertsen, AT&T Bell

Laboratories, Murray Hill, NJ.

4:15 C4.3

STRUCTURAL STUDIES OF EPITAXIAL METAL SEMI-
CONDUCTOR INTERFACES USING TRANSMISSION
ELECTRON SCATTERING, D. Loretto, J.M. Gibson
and N. Chand, AT&T Bell Laboratories, Murray
Hill, NJ; and S.M. Yalisove, University of
Michigan, Department of Materials Science
and Engineering, Ann Arbor, MI.

4:30 C4.4
HIGH-RESOLUTION IMAGING OF THE INTERFACES
BETWEEN GaAs AND CoGa AND ErAs, Ja G u

and Stuart McKernan, Cornell University,
Departrent of Materials Science and En-
gineexing, Ithaca, NY; Chris J. Palmstrgm,
Be® .ore, Red Bank, NJ; and C. Barry Carter,

Corriell University, Department of Materials
Science and Engineering, Ithaca, NY.

4:45 C4.5

PLAN-VIEW CBED STUDIES OF NiO-Zr0O,(Ca0)
INTERFACES, Vin . Dravid, Michael R.
Notis and Charles E. Lyman, Lehigh Univer-
sity, Department of Materials Science and
Engineering, Bethlehem, PA; A. Revcolevschi,
Universite de Paris-Sud, Lab. de Chimie des

Solides, Orsay, France.
S ON C5: CES
Chair: J. M. Gibson

Tuesday Morning, November 28
Salon A/B (M)

8:30 *CS.1
INTERFACIAL SUPERSTRUCTURES STUDIED BY
GRAZING INCIDENCE X-RAY DIFFRACTION, Koichi
Akimoto, Jun’ichiro Mizuki, Ichiro leosawa
and Junji Matsui, NEC Corporation, Fundamen-
tal Research Laboratories, Ibaraki, Japan.

9:00
DIRECT OBSERVATION OF A 7X7 SUPERSTRUCTURE
BURIED AT THE AMORPHOUS~Si/Si (111) INTER-

FACE, Akira Sakai, Toru Tatsumi and Koichi
Ishlda, NEC Corporation, Fundamental Re-
search Laboratories, Ibaragi, Japan.

9:15 Cc5.3
TOPOGRAPHY OF Si(111): CLEAN SURFACE PREPAR-
ATION AND SILICON MOLECULAR BEAM EPITAXY,
, D.J. Eaglesham and F. Schrey,
AT&T Bell Laboratories, Murray Hill, NJ.

9:30 C5.4

STRUCTURE AND COMPOSITION OF LIQUID/SOLID
INTERFACES BY ION CHANNELING, M.M.
Karmarkar, Ray Twesten and K.R. Padmanabhan,
Wayne State University, Department of Phys-
ics and Astronomy, Detroit, MI.

9:45

ELECTRONIC AND ATOMIC PROPERTIES OF THE a-
C:H/Ge INTERFACE, M. Wittmer, 1IBM, T.J.
Watson Research Center, Yorktown Helghts,
NY:; D. Ugolini and P. Oelhafen, University
of Basel, Institute of Physics, Basel,
Switzerland.

10:00 BREAK

H N OSCOPY
Chair: R. Feenstra
Tuesday Morning, November 28
Salon A/B (M)
10:30 *C6.1

SEMICONDUCTOR INTERFACE ELECTRONIC STRUCTURE
INVESTIGATION BY BALLISTIC~-ELECTRON-EMISSION
MICROSCOPY, L.D. Bell, M.H. Hecht, F.J.
Grunthaner and William J. Kaiser, California

Institute of Technology, Jet Propulsion
Laboratory, Pasadena, CA.
i11:00 *6,2

T.E.M. IMAGING OF AN OPERATING S.T.M. STRAIN

EFFECTS OF S.T.M., J.C.H. Spence, Arigona
State University, Department of Physics,
Tempe, AZ.

11:30 c6.3

SLIDING PLANES MODEL FOR STM IMAGING, Jchn
D. Todd and John B. Pethica, University of
oxford, Department of Metallurgy and Science
of Materials, Oxford, United Kingdom.

11:45 C6.4
THE FORMATION OF Sl(lll)lxl-Cl John J.
Boland and J.S. Villarrubia, IBM, T.J.
Watson Research Center, Yorktown Heights,
NY.

SESSION C7: PROBES OF CHEMISORBED TAYERS

Chair: W. Kaiser
Tuesday Afternoon, November 28
Salon A/B (M)
1:30 *C7.1

ATOMICALLY-RESOLVED SURFACE PHOTOVOLTAGE
MEASUREMENTS BY OPTICALLY-EXCITED SCANNING
TUNNELING MICROSCOPY, R.J,., Hamers and K.M.
Markert, IBM, T.J. Watson Research Center,
Yorktown Heights, NY.




W

2:00
PHOTOREFLECTANCE STUDIES OF ADSORPTION-
INDUCED CHANGES 1IN SURFACE STATES ON
GaAs(100), S. Sheu, K. Schultz and E,G.
Seebauer, University of 1Illinois, Urbana,
Dept. of Chemical Engineering, Urbana, IL.

2:15 c7.3
THE FIRST MONOLAYERS OF Sb ON III-V-SEMICON-
DUCTORS STUDIED BY LIGHT SCATTERING, Michael
Hinermann and Jean Geurts, RWTH Aachen,
Aachen, West Germany; W i ,
Institut fur Festkérperphysik, Berlin, West
Germany.

2:30 C7.4

STRUCTURAL AND ELECTRONIC CHARACTERIZATION
OF METAL-ON-METAL INTERFACES, G, Vidali, P.
Dowben and C.W. Hutchings, Syracuse Univer-
sity, Physics Department, Syracuse, NY.

2:45 Cc7.5

KINETICS OF BISMUTH OVERLAYER FORMATION ON
GaAs(110) STUDIED USING LOW ENERGY ELECTRON
DIFFRACTION AND TIME DEPENDENT MONTE CARLO
SIMULATION, S.L. Chang, T. Guo, W.K. Ford,
A. Bowler and E.S. Hood, Montana State
University, Advanced Materials Center,
Department of Physics and the Department of
Chemistry, Bozeman, MT.

3:00 C7.6

IDEALLY HYDROGEN TERMINATED Si(111) SURFACES
PREPARED USING HF ACID SOLUTIONS: PRODUCTION
OF PERFECT CRYSTAL TERRACES?, G,S. Higashi,
Y.J. Chabal, G.W. Trucks and Krishnan
Raghavachari, AT&T Bell Laboratories, Murray
Hill, NJ.

3:15 BREAK

O -
Chair: J. Northrup
Tuesday Afternoon, Novenber 28
Salon A/B (M)

3:30 *C8.1
MOLECULAR DYNAMICS STUDIES OF INTERFACE
FORMATION DURING THIN FILM GROWTH, George H.
Gilmer and Marcia H. Grabow, AT&T Bell
Laboratories, Murray Hill, NJ; Aloysius F.
Bakker, Delft Technical University, Applied
Physics Department, Delft, The Netherlands.

4:00
A MOLECULAR DYNAMICS STUDY OF WATER~Pt
INTERFACE, K. Foster, K, Raghavan and M,
Berkowit{z, University of North cCarolina,
Department of Chemistry, Chapel Hill, NC.

4:15 c8.3

NON-EQUILIBRIUM MOLECULAR DYNAMICS SIMULA-
TION OF THE RAPID SOLIDIFICATION OF METALS,
Cliff F. Richardson and .
School of Chemical Engineering, Cornell
University, Ithaca, NY.
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4:30 Cc8.4
PROPAGATION AND STABILITY OF MONATOMIC STEPS
ON THE SI(001) SURFACE DURING MOLECULAR-BEAM
EPITAXY, S, Clarke, M.R. Wilby and D.D.
Vvedensky, Imperial College, The Blackett
Laboratory and Semiconductor Materials IRC,
London, United Kingdom.

4:45 c8.5

A NEW DEFECT ON THE RECONSTRUCTED Si(100)
SURFACE; AN AB INITIO MOLECULAR-DYNAMICS
STUDY, Sigeo Ihara and Shi Lun Ho, Hitachi
Ltd., Central Research Laboratory, Tokyo,
Japan; Tsuyoshi Uda and Masahiko Hirao,
Hitachi Ltd, Advanced Research Laboratory,
Tokyo, Japan.

SESSION C9; POSTER SESSION
ATOMIC SCALE STRUCTURE OF INTERFACES
Chair: R. Bringans
Tuesday Evening, November 28
7:00 p.m. ~ 10:00 p.m.
America Ballroom (W)

Co.l ELECTRONIC AND ATOMIC STRUCTURES OF
SILICIDE/Si CONTACT SYSTEMS STUDIED BY SXS,
H. Watabe, Matsuhita Electric Industrial
Co., Ltd., Osaka, Japan; M, Iwami, M. Hirai
and M. Kusaka, Okayama University, Faculty
of Science, Research Laporatory for Surface
Science, Okayama, Japan; H. Nakamura, Osaka
Electro-Communication University, Osaka,
Japan.

c9.2 COMPACT AND HIGH-RESOLUTION ION
BACKSCATTERING ANALYSIS SYSTEM, CHIRIBAS, Y,
Kido, I. Konomi, A. Kawano and J. Kawanmoto,
Toyota Central R&D Laboratories, 1Inc.,
Aichi-ken, Japan.

c9.3 TEMPERATURE DEPENDENT CURRENT-VOL-
TAGE CHARACTERISTICS IN THIN SiO, FILMS, Jin
Zhao, New Jersey Institute of Technology,
Microelectronics Center, Electrical En-
gineering Department, Newark, NJ: N.M.
Ravindra, New Jersey Institute of Technol-
ogy, Microelectronics Center, Physics De-
partment, Newark, NJ.

C9.4 SPECTROSCOPIC ELLIPSOMETRY AS A NON-
DESTRUCTIVE TECHNIQUE FOR CHARACTERIZATION
OF ATOMIC-SCALE INTERFACES IN MULTI-LAYER
STACKS, J.L. Stehle, J.H. lLecat, J.P. Piel,
SOPRA, Bois~Colombes, France; L.C. Hammond,
ARIES/QEI, Concord, MA.

c9.5 ADSORPTION AND TRIBOCHEMICAL REAC-
TIONS, W.M. dullins, Purdue University,
School of Materials Engineering, West Lafay-
ette, IN; T.E. Fischer, Stevens Institute of
Technology, Department of Materials Science
and Engineering, Hoboken, NJ.




.

c9.6 DIRECT REAL SPACE IDENTIFICATION OF
THE PRODUCTS OF A SURFACE CHEMICAL REACTION
USING SCANNING TUNNELING MICROSCOPY, John J.

Beoland and J.S. Villarrubia, 1IBM,

Watson Research Center, Yorktown Heights,

NY.

c9.7 DISCRIMINATION OF ATOMS ON THE
SURFACE OF A TWO DIMENSIONAL SOLID SOLUTION

WITH SCANNING TUNNELING MICROSCOPY,

Parxkinson, E. I. duPont de Nemours & Co.,
Inc., Central Research and Development

Department, Wilmington, DE.

c9,.8 A RAMAN SCATTERING STUDY OF INTER-
FACE ROUGHNESS IN SMALL PERIOD GaAs/AlAs

SUPERLATTICES,
Shanabrook and W.
Laboratory, Washington DC.

Daniel Gammon,

c9.9 BISMUTH/InSb(110) INTERFACE STUDIED
USING LOW-ENERGY ELECTRON DIFFRACTION,
Guo and W.K. Ford, Montana State University,
Advanced Materials Center and the Department

of Physics, Bozeman, MT.

€9.10

C9.11

Physical and Chemical Research,

Japan.

Physics, Morgantown, WV,

Ipnmninn
Richland, WA.

Tseng, Naval Research

UNDERSTANDING THE INFLUENCE OF
INTERFACE PROPERTIES AND DEPOSITION PARAMET-
ERS ON THE SELECTIVE GROWTH OF (100)
(110) CoGa FILMS ON (100)GaAs, Young K. Kim,

and R. Stanley Wwilliams,
University of california, Department
Chemistry and Biochemistry, Los Angeles, CA.

OBSERVATION OF HETEROEPITAXIALLY
GROWN ORGANIC ULTRATHIN LAYERS ON INORGANIC
SUBSTATES BY IN-SITU RHEED AND UHV STM,

, Hiroyukl Sasabe, Akira Yamada
and Anthony F. Garito, The Institute of
Riken In-
stitute, Frontier Research Program, Saitama,

c9.12 A NOVEL COMPUTATIONAL METHOD FOR
EPITAXIAL ENERGY ON AN INCOMMENSURATE AND/OR
COMMENSURATE INTERFACE, Sun M, Paik and Ivan
K. Schuller, University of California,

Diego, Physical Department, La Jolla, CA.

c9.13 FULL POTENTIAL, LMTO CALCULATION OF
TiC FRACTURE, D.L. Price and B.R. Cooper,
West Virginia University, Department

C9.14 COMPARISON OF SURFACE ATOMIC GEOME-
TRIES OF TETRAHEDRALLY COORDINATED COMPOUND
SEMICONDUCTORS WITH THOSE OF RUTILE STRUC-
TURE OXIDES, Charles B. Duke and Michael R,

, Pacific Northwest Laboratory,

A CYCLIC-CLUSTER MINDO/3 COMPUTATION
OF THE RELAXED EQUILIBRIUM STRUCTURE AND
VIBRATIONS OF THE HYDROGENATED SILICON (111)
SURFACE, Peter Deak, Physical Institute of
the Technical University of Budapest Hun-
gary, Budapest, Hungary: Lawrence C. Snyder,
State University of New York at Albany,
Chemistry Department, Albany, NY; Carlos O.
Rodrigues, State Unjversity of New York at
Albany, Physics Department, Albany, NY.

€9.16 STRUCTURAL AND ELECTRONIC PROPERTIES
OF SEMICONDUCTOR-METAL AND SEMICONDUTOR-IN-
SULATOR INTERFACES AT MONOLAYER COVERAGE,

j, C. Arcangeli and O. Bisi,
Universit4d di Modena, Dipartimento di Fisi-
ca, Modena, Italy.

c9.17 CALCULATIONS FOR MERCURY ADSORPTION
ON COPPER, M. Karimi, Utica College, Physics
Department, Utica, NY; G. Vvidali, Syracuse
University, Physics Department, Syracuse,
NY.

c9.18 DOUBLE CRYSTAL X-RAY DIFFRACTION
MEASUREMENT OF A TRICLINICLY DISTORTED AND
TILTED Aly,Gaj.yAs UNIT CELL PRODUCED BY
GROWTH ON OFFCUT GaAs SUBSTRATES, A.
Leiberich and J. Levkoff, AT&T Bell
Laboratories, Engineering Research Center,
Princeton, NJ.

C€9.19 A MECHANISM FOR SOLUTE SEGREGATION
TO GRAIN BOUNDARIES, Chu Youyi and Zhang
Sanhong, The Nonferrous Metals Society of
China, Beijing, China.

c9,.20 PHASE DIAGRAMS AND PHASE TRANSFORMA-~
TIONS FOR GRAIN BOUNDARIES 1IN HEXAGONAL
CLOSE PACKED METALS, Kisoo $Shin and A.H.
King, State University of New York at Stony
Brook, Department of Materials Science and
Engineering, Stony Brook, NY.

C9.21 STRUCTURE OF PURE TILT AND TWIST
BOUNDARIES GENERALIZATION AND COMMENTS ON
THE STRUCTURAL UNIT MODEL, M, Khantha and V.
Vitek, University of Pennsylvania, Depart-
ment of Materials Science and Engineering,
Philadelphia, PA.

c9.22 HIGH-RESOLUTION ELECTRON MICROSCOPY
OF OLIVINE-MAGNETITE INTERFACES, Stuart
McKernan and C. Barry Carter, Cornell
University, Department of Materials Science
and Engineering, Ithaca, NY; Daniel Ricoult,
Corning-Europe, Avon, France; A.G. Cullis,
Royal Signals and Radar Establishment,
Wworcs, United Kingdom.

C9.23 ATOMIC SCALE STRUCTURE OF TWIN
BOUNDARY IN Y-Ba-Cu-O SUPERCONDUCTOR, Y,
Zhu, M. Suenaga and Youwen Xu, Brookhaven
National Laboratory, Upton, NY; M. Kawasaki,
Jeol USA, Inc., Peabody, MA.
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C9.24 STRUCTURAL STUDIES OF A TYPICAL
LAYERED SEMICONDUCTOR (S4In Zn) USING HIGH
RESOLUTION ELECTRON MICROSCOPY AND CONVER-
GENT BEAM ELECTRON DIFFRACTION, Dwight R.
Acosta, Universidad Nacional Auténoma de
México, Instituto de Fisica, México, México;
Mauro Briceno, Universidad de Los Andes,
Facultad de Ciencias, Mérida, Venezuela.
C9.25 EFFECT OF B, C, P AND S ON INTER-
GRANULAR COHESION 1IN IRON, Genrich 1L,
Krasko, U.S. Army Materials Tech. Lab,
Metals Research Branch, Watertown, MA; G.B.
Olson, Northwestern University, Department
of Materials Science and Engineering, Evans-
ton, IL.

C9,26 MODELING OF NANOPHASE CONNECTIVITY
IN SUBSTANCE-VOID COMPOSITE BY OBLIQUE
DEPOSITION, Tomoyoshi Motohiro, S. Noda, A.
Isogai and 0. Kamigaito, Toyota Central
Research and Development Laboratories, Inc.,
Research Division IV, Materials Science Lab,
Aichi-ken, Japan.

C9.27 DEFECT EVOLUTION IN Al/Cu AND Al/Ni
BILAYERS DURING ANNEALING, Bent Nielsen,
S.M. Heald, K.G. Lynn, E. Barrera and J.
Jayanetti, Brookhaven National Laboratory,
Upton, NY; W. Triftshalser, Universitet der
Bundswehr, Neubiberg, West Germany.

c9.28 NANOLAYER REACTIONS 1IN ALUMINUM-
METAL INTERFACES, E.V. Barrera, M.W. Ruckman
and S.M. Heald, Brookhaven National Labora-
tory, Upton, NY.

C9,29 INTERFACIAL STRUCTURE OF Er203
PRECIPITATES IN TITANIUM AND Ti-37Al1, Daniel
S, Schwartz and Shankar M.L. Sastry, McDhon-
nell Douglas Research Laboratories, sSt.
Louis, MO; ©P. Fraundorf, University of
Missouri-St. Louis, Physics Department, St.
Louis, MO.

C9.30 HIGH-RESOLUTION ELECTRON MICROSCOPY
OF INTERFACES 1IN AIlIN-BRAZE METAL ALLOY
SYSTEMS, A.H. Carim, University of New
Mexico, Center for Micro-Engineered Ceramics
and Department of Chemical and Nuclear En-
gineering, Albuquerque, NM.

C9.3) ATOMIC STRUCTURE OF CRYSTALLINE
BORON NITRIDE INTERFACES WITH CERAMIC SUB-
STRATES, L.F. Allard, Oak Ridge National
Laboratory, High Temperature Materials
Laboratory, Oak Ridge, TN; A.K. Datye and
R.T. Paine, University of New Mexico, Center
for Micro-Engineered Ceramics, Albugquergue,
NM.

Cc9.32 SIMULATION AND QUANTIFICATION OF
HIGH RESOLUTION Z-CONTRAST IMAGING OF SEMI-
CONDUCTOR INTERFACES, David E. Jesson, S.J.

Pennycook and M.F. Chisholm, Oak Ridge
National Laboratory, Solid State Division,
Oak Ridge, TN.

c9,33 SIMULATED IMAGE MAPS FOR USE 1IN
EXPERIMENTAL HIGH-RESOLUTION MICROSCOPY,

and U. Dahmen, University of
Callfornla at Berkeley, Lawrence Berkeley
Laboratory, National Center for Electron
Microscopy, Berkeley, CA.

C9.34 LAYER CONTRAST IN InAs/GaAs SUPER-
LATTICES STUDIED BY TEM, C.J. Kiely, Univer-
sity of Liverpool, Department of Materials
Sciencé and Engineering, Liverpool, United
Kingdom; K.C. Hseih, University of Illinois
at Urbana-Champaign, Department of Elec-
trical Engineering, Urbana, IL; A. Rockett,
University of Illinois at Urbana-Champaign,
Department of Materials Science, Urbana, IL.

€9.35% ATOMIC STRUCTURE OF DISLOCATIONS AND
INTERFACES 1IN SEMICONDUCTOR HETEROSTRUC-
TURES, J, _Naravan, North Carclina State
University, Department of Materials Science
and Engineering, Raleigh, NC.

C9.36 PLATINUM SILICIDES FORMED BY RAPID
THERMAL PROCESSING FOR SCHOTTKY BARRIERS,

D.I. Zarovski, V.E. Borisenko, Minsk
Radioengineering Institute, Minsk, USSR.

C9.37 XPS ANALYSIS OF THE CHEMISTRY OF THE
SAPPHIRE SURFACE AS A FUNCTION OF HIGH
TEMERATURE VACUUM ANNEALING, i
Richmond, Naval Research Laboratory,
Washington, DC.

C9.38 INFLUENCE OF PLASTICITY IN ADHESIVE
BOND STRENGTH MEASUREMENTS USING SHOCK
WAVES, Gerald L. Nutt and William Lai,
Lawrence Livermore National Laboratory,
Livermore, CA; and Kenneth E. Froschner,
Martin, Froschner and Associates, Livermore,
CA.

C9.39 ORIGIN OF ATOMIC RESOLUTION IN
SCANNING TUNNELING MICROSCOPY, C. Julian

Chen, IBM T.J. Watson Research Center,
Yorktown Heights, NY.
£9.40 X-RAY REFLECTIVITY STUDIES OF THE

Sl(OOl)/Sle INTERFACE, T.A. Rabedeau, I.M.

Tidswell, P.S. Pershan, Harvard Unlver51ty,
Department of Physics and Division of
Applied Sciences, Cambridge, MA; J. Bevk,
B.S. Freer, AT&T Bell Laboratories, Murray
Hill, NJ; and A. Ourmazd, AT&T Bell Labora-
tories, Holmdel, NJ.




: C N
REACTIONS AND STRUCTURE
Chair: R. Pond
Wednesday Morning, November 29
Salon A/B (M)

8:30 *C10,1
INTERFACE STRUCTURES AND THEIR DEFECTS 1IN
Cosiz/si: DISLOCATIONS, DISCLINATIONS AND A
THIN-FILM PHASE TRANSFORMATION, David J.
, R.T. Tung, S.M. Yalisove, R.L.
Headrick and I.K. Robinson, AT&T Bell Labor-
atories, Murray Hill, NJ.

9:00 clo.2
ATOMIC STRUCTURES AT CoSiy/Si(111)
CoSi/Si(111) INTERFACES,

AND
A, Catapa and P.E.

Schmid, Swiss Federal Institute of Tech-
nology, Department of Applied Physics, Lau-
sanne, Switzerland; P. Stadelmann, Swiss
Federal Institute of Technology, Department
of Electron Microscopy, Lausanne, Switzer-
land.

9;15 €l0.3

MICROSTRUCTURAL ASPECTS OF AMORPHOUS NICKEL
SILICIDE FORMATION 1IN EVAPORATED Ni-Si
MULTILAYERS, Karen Holloway, IBM, T.J.

Watson Research Ctr., Yorktown Heights, NY.

9:30
NUMERICAL AUGER LINESHAPE ANALYSIS OF PHASE
FORMATION IN NI/SI(111), J.R. Butler, X.
Tong and P.A. Bennett, Arizona State Univer-
sity, Department of Physics, Tempe, AZ.

9:45 Cl0.5
X~-RAY ABSORPTION STUDIES OF TITANIUM SILI~-
CIDE FORMATION AT THE INTERFACE OF Ti DEPOS-

ITED ON si, David Aldrich, Q- Islam, H.
Jeon, R. Nemanich and D.E. Sayers, North
Carolina State University, Department of

Physics, Raleigh, NC.

10:00

SILICIDE FORMATION AND THERMAL STABILITY OF
Ni/Si/GaAs INTERFACES, Y. Yamamoto, K.
Ishibashi, Hosei University, Research Center
of Ion Beam Technology, Tokyoc, Japan; S,
Suzuki, Advanced Materials Laboratory, Inc.,
Saitama, Japan; T.E. Shim, Samsung
Electronics, R&D Center, Semiconductor
Business, Seoul, Korea; and Waseda Univer-
sity, Tokyo, Japan.

10:15 BREAK

o] : S
Chair: R. Hull

Wednesday Morning, November 29
Salon A/B (M)

10:30 clli.1

FRACTIONAL ATOMIC PLANES 1IN GaAs/Al As
SUPERLATTICES AND THEIR RELATIONSHIP TO
INTERFACTIAL ROUGHNESS, Ivan K. Schuller,
University of California, San Diego, Physics
Department, La Jolla, CA; M. Grimsditch,
Argonne National Laboratory, Material Sci-
ence Division, Argonne, IL; F. Chambers and

G. Devane, Amoco Technology Company, Amoco
Research Center, Naperville, 1IL; H.
Vanderstraeten, D. Neerinck, J.-P. Locquet

and Y. Bruynseraede, Katholieke Universiteit
Leuven, Physics Department, Leuven, Belgium.

10:45

STUDY OF INTERFACIAL SHARPNESS AND GROWTH IN
(AlAs)p/(GaAs), SUPERLATTICES, W. Tseng, S.
Prokes, M. Fatemi, B.V. Shanabrook, B.
Wilkins and H. Dietrich, Naval Research
Laboratory, Washington, DC.

11:00, Cll.3

A WEAK BEAM IMAGING TECHNIQUE FOR THE CHAR-

ACTERIZATION OF INTERFACIAL ROUGHNESS 1IN

(InGa)As/GaAs STRAINED LAYER STRUCTURES,
, T.G. Andersson and G.L. Dunlop,

Chalmers University of Technology, Depart-

ment of Physics, Gdteborg, Sweden.

11:15

THE OBSERVATION OF SURFACE ROUGHENING ON
ALUMINUM USING OPTICAL SECOND-HARMONIC
GENERATION, S, Janz, K. Pedersen and H. van
Driel, University of Toronto, Physics De-
partment, Toronto, Canada; R. Timsit, Alcan
Research and Development Centre, Xingston,
Canada.

11:30
INTERFACIAL STABILITY AND INTERDIFFUSION IN

SEMICONDUCTOR SYSTEMS, Y. Kim and A.
ourmazd, AT&T Bell Laboratories, Holmdel,
NJ.

11:45 Cll.6

ATOMIC STRUCTURE AND CHEMISTRY OF INTERFACES
DETERMINED BY Z-CONTRAST STEM, M.F.
Chisholmn, S.J. Pennycook and D.E. Jesson,
Oak Ridge National Laboratory, Solid State
Division, Oak Ridge, TN.



SESSION Cl2: OXIDE INTERFACES
Chair: R. Feenstra
Wednesday Afternoon, November 29
Salon A/B (M)

1:30 Cl2.1

THE USE OF FRESNEL CONTRAST TO STUDY THE
INITIAL STAGES OF THE IN-SITU OXIDATION OF
SILICON, F.M. Ross and W.M. Stobbs, Cam-
bridge University, Department of Materials
Science and Metallurgy, Cambridge, United
Kingdom; J. Gibson, AT&T Bell Laboratories,
Murray Hill, NJ.

1:45
THE INITIAL STAGES OF FORMATION FOR THE

Si/sio, INTERFACE ON Si(111) 7X7, J.M.
Gibson, ATS&T Bell Laboratories, Murray Hill,
NJ.

2:00

ELECTRON SPIN RESONANCE STUDIES OF SILICON
DIOXIDE FILMS ON SILICON 1IN INTEGRATED
CIRCUITS USING SPIN DEPENDENT RECOMBINATION,

Mark_ A. Jupina and Patrick M. Lenahan,
Pennsylvania State University, University
Park, PA.

2:15 Cl2.4

AN NMR STUDY OF HYDROGEN AT THE 51/5102
INTERFACE OF THERMALLY GROWN OXIDES, David
H. Levy and Karen K. Gleason, Massachusetts
Institute of Technology, Department of
Chemical Engineering, Cambridge, MA.

2:30
ELECTRONIC STRUCTURE OF EPITAXIAL Sio 2f
Si{100) INTERFACES, T._ Motooka, Unlver51ty
of Tsukuba, Institute of Applied Physics,
Ibaraki, Japan.

2:45
THE STRUCTURE OF INTERFACES IN OXIDE HETERO-
JUNCTIONS FORMED BY CVD, L.A. Tietz, S.R.
Summerfelt and C.B. Carter, Cornell Univer-
sity, Department of Materials Science and
Engineering, Ithaca, NY.

3:00

SESSION Cl3: GRAIN BOUNDARIES AND
NANOPHASE MATERIALS
Chair: C. B. Carter
Wednesday Afternoon, November 29
Salon A/B (M)

BREAK

3:30
THE STRUCTURE OF GRAIN BOUNDARIES IN ALUMI-
NUM, M.J, Mills, sandia National Laborator-

ies, Materials Department, Livermore, CA;
G.J. Thomas, Sandia National Laboratories,
Theoretical Division, Livermore, CA; F.

Cosandey, Rutgers University, Department of
Mechanical and Material Science, Piscataway,
NJ.

91
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3:45
ON THE ATOMIC STRUCTURE OF GRAIN BOUNDARIES
IN SMALL METALLIC AND BIMETALLIC PARTICLES,

Miguel Avalos, Roberto Hernéandez, Pablo
Schabes, Armando Vazgquez and ulg_gl_;l_ﬁg
Yacapan, UNAM, Instituto de Fisica, Mexico,
Mexico.

4:00

STRUCTURE AND PROPERTIES OF THE (110) INVER-
SION DOMAIN BOUNDARY 1IN gG-5iC, WHW.R.L.
Lambrecht and B. Segall, Case Western
Reserve University, Department of Physics,
Cleveland, OH.

4:15

MECHANICAL RESPONSE OF MATERIALS WITH INTER-
FACES, I. Alber, J,L. Bassani and J. Qu,
University of Pennsylvania, Department of
Mechanical Engineering and Applied Mechan-
ics, Philadelphia, PA; V. Vitek and G.-J.
Wang, University of Pennsylvania, Department
of Materials Science and Engineering, Phila-
delphia, PA.

4:30
ATOMISTIC SIMULATION STUDIES OF INTERFACES
IN NANOPHASE COPPER AND SILICON, James A.
Lupo and Michael J. Sabochick, Air Force
Institute of Technology, Department of
Engineering Physics, Wright Patterson AFB,
OH.

4:45

THE APPLICATION OF GLANCING ANGLE EXAFS TO
STUDY THE STRUCTURE OF PLATINUM-NICKEL
MULTILAYERS, G.M. Lamble and S.M. Heald,
Brookhaven National Laboratory, Material
Science Department, Upton, NY; B.M. Clemens,
University of Stanford, Material Science and
Engineering Department, Stanford, CA.

5:00 Cl3.7
THE ELECTRONIC STRUCTURE OF Z£5 GRAIN
BOUNDARIS IN CU, Erik C. Sowa and A. Gonis,
Lawrence Livermore National Laboratory,
Livermore, CA; X-G. 2Zhang, Northwestern
University, Chicago, IL; and S.M. Foiles,
Sandia National Laboratories Livermore,
Livermore, CA.
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Cl.1
ONSET OF GaAs HOMOEPITAXY AND HETEROEPITAXY.

D. K. Biegelsen
Xerox Paio Alto Research Ctr, Palo Alto, CA, 94304

Scanning tunneling microscopy results are presented for thin
GaAs films grown by in situ molecular beam epitaxy on
GaAs(100) and Si(100) substrates. Atomic arrangements are
directly observed for the various surface reconstructions
occurring as a function of surface stoichiometry. The
homoepitaxial results are compared and contrasted with
related images of As and GaAs deposited on on-axis and
vicinal Si. In the earliest stages of heteroepitaxial growth a
two dimensional film grows which is topographically uniform
but chemically disordered. At coverages above
approximately six monolayers a transition occurs to a three
dimensional regime. We will try to delineate equilibrium
and kinetic origins of the observed phenomena.

Cl.2

HIGH RESOLUTION ION SCATTERING, STUDIES OF
THIN EPITAXIAL FILMS. Ruud M.Tromp , IBM Rescarch
Division, T.J. Watson Research Center Yorktown Heights, NY.

Medium Energy lon Scattering (MEIS), in combination with
channeling and blocking is cminently suited for the study of thin
epitaxial films, with a depth resolution of 3-5 A. In this talk [ will
present results obtained on the Si(111)-CaF2 interface, grown in
situ and analyzed with MEIS and photocmission techniques. We
have determined the structure of this intcrface uniquely, and con-
firmed that the interface structurc for much thicker is the same,
using high resolution electron microscopy. Sccondly, | will discuss
the role of a surface active specics (‘surfactant’) on the epitaxial
growth process. In particular, [ will address the dramatic changes
in growth mode in the Si(001)/Ge/Si system, resulting from the
presence of a segregating As monolayer curing growth. Stranski-
Krastanov and Volmer-Weber- growth modes are changed to
layer-by-layer growth under the influcnce of the As monolayer.
These phenomena are interpreted using total cnergics calculated
using self-consistent pseudopotential calculations in the local den-
sity approximation.

* Work performed in coflaboration with M. Copel, M. Reuter, E.
Kaxiras and F.K. LeGoues.

Cl.3
ATOMIC STRUCTURE OF CaSi;/Si INTERFACES.

is G. Vap de Walle, Philips Laboratories, Briarcliff Manor, NY
10510.

When grown epitaxially on Si(111), metallic CaSiz assumes the trigonal-

rhombohedral phase (a=3.855 A, ¢=30.6 A),! which is closely lattice-
matched to Si (3.855 A x/2 =5.45 A). The absence of d electrons
makes CaSi; qualitatively different from the traditional transition-
metal silicides. The atomic structure of the CaSi;/Si interface is
studied here with state-of-the-art theoretical techniques, based on
pseudopotential-density-functional theory in a superlattice geometry.
Various models for the interfacial structure are examined, in which
the Ca atoms at the interface exhibit 5-, G-, 7-, or 8-fold coordina-
tion. The configuration in which Ca has 7-fold coordination (as in
bulk CaSiz) has the lowest energy; the Si double layer at the interface
can be considered to be a continuation of the CaSi; structure, but
with a Si-Si distance very close to its value in bulk Si. This struc-
ture is consistent with results obtained from cross-sectional electron
micrographs.! However, the structure in which interfacial Ca is 8-fold

coordinated is only ~0.1 ¢V higher in cnergy. The present results will
be compared with the known structures of other silicides on Si. Val-
ues for Schottky barrier heights, calculated within the local-density
approximation, will also be reported.

Cl.4

THE STRUCTURE AND CHEMISTRY OF THE Ge/SAPPHIRE
INTERFACE, Geoffrey P. Malafsky ,ONT Postdoctoral
Fellow; and David J. Godbey, Naval Research
Laboratory, Code 6816, Wash, DC 20375

The molecular beam epitaxial (MBE) growth of
silicon on sapphire (50S) provides growth control
on an atomic scale. This permits the study of the
initial stages of heteroepitaxy. The growth of a
crystalline epilayer is associated with a three
dimensional growth mechanism and a large density
of interfacial defects. Recently, it was shown
that MBE grown germanium on sapphire (GOS) can
produce a crystalline epilayer via an islanding
growth mechanism. We examine the interfacial
reactions of the new GOS system. We present an
in~gitu analysis of the chemical and structural
bonding in the first few monolayers of the Ge
epilayer. The interfacial chemistry is determined
by X-ray photoelectron spectroscopy (XPS) and
Auger electron spectroscopy (AES). The growth
mechanism is revealed by the rate of attenuation
of the sapphire peak signals.

cz2.1

Energetics and Electronic Structure of GaAs on Si.
john E. Northrup, Xerox Palo Alto Research Ctr, Palo Alto, CA,
94304

Total energy calculations have been performed using the
density functional pseudopotentia! method for various
possible two-dimensional phases of GaAs on Si(111) and
Si(100). The two-dimensional phases which have been
examined so far have positive formation energies with respect
to bulk GaAs reservoirs (large GaAs islands) plus the As-
terminated Si(111) or Si(100) surfaces. On the basis of these
results one can estimate a critical number of GaAs pairs
required to form stable GaAs islands on the As-terminated Si
surface. The influence of the interface electrostatic dipole on
the energetics and electronic structure of the overlayers has
been examined.

c2.2

STRUCTURAL ENERGIES OF ANTIPHASE DOMAIN WALLS IN
GaAs. David Vapderbilt and L. Brey, Department of
Physics, Harvard University, Cambridge, MA
02138.

Local-density total-energy calculations of the
structural properties of antiphase domain walls
(ADW’s) are carried out for GaAs, a prototypical
III-V semiconductor. The ADW’s, which are
boundaries at which the assignment of species to
sublattice becomes reversed, are problematic
especially for growth of GaAs films on Si or Ge
(100) substrates. We study a variety of
superlattice structures containing ADW’'s oriented
in the (100), (110), and (111) directions. The
dependence of the ADW energy upon orientation,
stoichiometry, and atomic structure is
elucidated. Simple Ising-like models for the
energ:tics of these interfaces are discussed and
tested.
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c2.3 c2.5
VERY THIN 2D GaAs FILMS on Si DURING the THE INITIAL STAGES OF GROWTH OF IaSb ON
EARLY STAGES of GROWTH by MBE. GaAs(100) BY MBE - A HIGHLY LATTICE MISMATCHED

oy _ . . HETEROINTERFACE.
D.B. Fenner, D.K. Blegelsen', and B.S. Krusor; C.LKiely, Department of Materials Science and Engineering,University of
*Xerox Palo Alto Research Center, Palo Alto, CA 94034.

Liverpool; A.Rockett, J-1.Chyi and H.Morkoc, Coordinated Science

N Laboratory, University of Illinois at Urbana-Champaign.

Physics Dept., Santa Clara University, Santa Clara, CA 95053.
Good quality epitaxial InSb can be grown on GaAs(100) by MBE despite
the 14.6% lattice mismaich. We have previously reported TEM and
electrical characterisation studies from thick InSb layers, in which we found
i;]uite high dislocation densities (~107 cm-2) which limit electron mobilities

L. In this present study, the initial stages of epitaxy have been
investigated by plan view and cross-sectional microscopy of very thin InSb
layers. The results have led us to deduce several key features related to
defect formation in highly mismatched cpitaxial overlayers.

GaAs samples deposited on Si by molecular beam epitaxy
with a graded thickness of 0 -3 nm initially show the presence of
a metastable 2D layer containing Ga and As. In the thicker
regions of the wedge samples, islands (3D topography) form in
the presence of the 2D sea, i.e., Stranski— Krastanov growth.
Compositional profiles of these wedges were made with in situ
Auger electron spectroscopy (AES) which bhas allowed the
identification of at least four regimes of growth; i) As
termination of Si, ii) 2D—growth of a bilayer terrace, iii)
followed by a second bilayer terrace, and finally iv) the
nucleation of island growth. Lattice images from cross—
sectional transmission electron microscopy are consistent with
the AES profiles. Substrate temperature during deposition of the

InSb nucleates as three dimensional islands of well defined shape and
grows pseudomorphically until a critical lateral dimension of ~ 30A is
reached. After this, misfit is mainly accommodated by nucleating
energetically favoured 8/2[011] edge-type dislocations at the periphery of
the islands at regular intervals as strain periodically accumulates in the
islands. Some 60° defects are noted at the interface however and are
associated with dislocations and loops which thread through the epilayer.
Evidence will be presented correlating the existence of these threading
defects with (1) "misfit dislocation array mismatch” at coalescing islands,
(2) interfacial steps, (3) residual strains in the islands at coalescence and (4)
the thermal expansion cocfficient mismatch between epilayer and substrate.
Finally interface roughening effects which are seen to occur in this system

films has a strong effect on film topography, as does the beam—  9uring growth will be discussed.
flux ratio on film stoichiometry. [1) C.J.Kiely, J-1.Chyi, A.Rockett and H.Morkoc, Phil. Mag.A.,(1989), in
DBF received support from the NSF (DMR —~ 8822353). press.
c3.1

C2.4

um-SCALE LATERAL GROWTH OF Ga-MONOLAYERS OBSERVED
IN-SITU BY ELECTRON MICROSCOPY J.0saka, N.lnoue,
NTT LS1 Laboratories, Atsugl Clty., Japan

LOW ENERGY ELECTRON MICROSCOPY OF ATOMIC SCALE
STRUCTURES OF SURFACES. E. Bauer, M., Altman,
M. Mundschau and W. Swiech, Physikalisches In-
stitut, Technische Universitdt Clausthal, Claus-
thal-Zellerfeld and SFB 126, Gottingen-Claus-
thal, FRG.

Terrace slzes on GaAs and AlGaAs surfaces have been
1imited to less than a few thousand and less than a
few hundred Angstroms, respectively, by the small

surface migration length of Ga and Al on surfaces
covered with As. In this paper we show that the
lateral growt.a of Ga{+Al) monolayer can be extended
as lar as several microns by using Ga(+Al) droplets.

Growth was performed in an MBE-SREM (Scanning
Reflection Electron Microscope) system[l]. Surface
atomic structures are observed in~-situ at a
resolution of about 1000 A. When Ga is supplied for
2 layers on a surface covered with As, droplets are
observed(2), spaced about 10 um apart and sized
about 1 um at 600 °C. When As is supplied next,
background areas are suddenly covered with As.
llowever, it is found that bright areas appear around
the droplets. These are Ga monolayers growing over
the As. The galllium monolayers extend continuously
untll they finally cover the entire surface. It is
shown that the slze of the droplets, the spacing,
and the monolayer extension in the case of AlGaAs
are as large as those in GaAs. The very long
dlffusion length for the um order is attributable to
the fast diffusion of Ga and Al atoms on a Ga(+Al)
overlayer on an As layer.

By taking advantage of this phenomenon, it is
expected that terraces as large as several microns
will be realized.
{1]K.Yamada, N.Inoue, J.Osaka. and K.Wada,
Appl.Phys.Lett. 55 August 14 (1988)
{2]J.0saka, N.lnoue, Y.M:da, K.Yamada, and K.Wada,
ICCG-9 abstract No.FV-2, Sendai (1989)

Although low energy electron microscopy (LEEM)
has presently only a lateral resolution of about
15 nm it can image atomic scale structures such
as monoatomic steps or glide lines provided that
their spacing is larger than 15 nm. The contrast
is caused by the phase difference between the
waves reflected from the terraces adjoining the
step. Also interfaces are accessible to LEEM
provided that they are parallel to the surface
and not too far away from it. Their contrast is
due to the quantum size effect.

The talk will be concerned mainly with the atom-
i¢c step structure of Si(100), Si(111), Mo(110)
and Pb(110) surfaces, its dependence on pre-
treatment, its interaction with bulk defects and
its significance for nucleation processes in
surface phase transitions, segregation and film
growth, Particular attention will be given to
the modification of the atomic step structures
by impurity-induced inhomogeneous sublimation
and by fnteraction with strongly adsorbed atoms
such as Au and Cu on Si(111) and Cu on Mo(110).

The interfacial structure will be discussed for
the case of CoSi, on Si (111). A video tape will
f1lustrate step-?ehted processes.
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C3.2

THE INITIAL STAGES OF GROWTH OF S| ON SI(111) BY
SPA-LEED. M. Horn von Hoegen, T. J. Watson Research
Center, Yorktown Hgts, NY; M. Henzler, Institut fuer
Festkoerperphysik, Universitaet Hannover, Germany.

LEED is used to investigate the initial stages of the growth
of silicon on silicon (111) between 556K and 900K. The
partial coverages 6, of the growing film are derived out of
the intensity oscillation of the 00- and 7x7-spot during
evaporation.

We observe a preferred growth in the second layer long
before the first layer Is completed. Surface defects caused
by superstructure disorder on the grown islands act as
nucleation center for the diffusing adatoms. So at 633K the
grown islands show no ordered superstructure, although
the film is epitaxial. The 7x7-spots display all features of
the diffraction of a substrate with a non scattering over-
layer for coverages below 2 monolayers.

The grown flims show below 650K an unordered super-
structure, in an intermediate temperture range a mixture
of 5x5- and 7x7-domains and finally above 870K the per-
fect 7x7- superstructure. The average size of islands in-
creases from 30 up to 40000 atoms.

C3.3

AUTOEPITAXY ON AU(111) STUDIED BY SCANNING
TUNNELING MICROSCOPY. . C. A. Lang, J. Nogami,
and C. F. Quate, Department of Applied Physics, Stanford University,
Stanford, California 94305

Using a scanning tunneling micro in ultra-high vacuum, we have
studied several stages of autoepitaxy on Au(111) from submonolayer up
10 twenty monolayer coverage at room temperature. The substrate,
Au(111) epitaxially grown on mica, exhibits several hundred A wide
atomically flat terraces separated by monostomic steps.

At submonolayer coverages, the gold nucleates into single layer clusters
as small as 25 A aligned preferentially in rows perpendicular to the <110>
terrace edges. These clusiers coalesce as the metal coverage increases.
Higher layers start forming before the lower ones are completely filled.
The number of incomplete layers increases with deposition rate and total
thickness of the film. Room temperature diffusion stmoothens the terrace
structure over a period of several hours. The acceleration of this process
by a moderate anneal is also observed.

Preliminary results on epitaxy of In and Ag on Au(111) will also be
reported.

C3.4

STM OF GOLD ON GRAPHITE by. P. A. Thomas, W. H. Lee, R.
1. Masel, Uaiversity of Hlinois, Urbana 11, 61801

Scanning Tunnelling Microscopy was used to ¢xamine how e\{apom!ed
gold films change when they are annealed at 600 C on graphite
substrates. The evaporated films staried out relatively smoooth.
However, after 1 hr of annealing, a series of dendrites were clearly
visable on the surface of the films. With additional annealing, the
dendrites got larger, until the film broke into particles. Particles then
grew by a sintering process. Afier a long anneal, the surfaces of the
larger pasticles became smooth again. However, the surfaces of the
particies smaller than S0 A remained rough. We believe that the
difference in morphology of large and small particles may have some
profound implications for shape selective catalysis.

C3.5

PHOTOEMISSION CHARACTERIZATION OF THIN FILM
NUCLEATION ON INERT SUBSTRATES. G, Haugstad,
A. Raisanen, C. Caprile, X. Yu, G. Ceccone and A, Franciosi,
Dept. of Chemical Engineering and Materials Science,
University of Minnesota, Minneapolis, MN 55455,

We have performed synchrotron radiation photoemission
studies of the early stages of K, Mn, and Sm thin film
growth on solid xenon substrates. In the coverage range
explored (2x1013 - 1x10'6 atoms/ecm?2), film growth is
well approximated by a model in which the nucleation
site density remains constant, and hemi-ellipsoidal
clusters increase in size until coalescence is achieved.
Site density and average cluster size were determined by
comparing the experimenta! coverage-dependence of the
metal and Xe core photoemission intensities with the
predictions of the numerical model. The coverage-
dependence of the effective core-level binding energies
provide additional quantitative information on cluster
size. We present a valence band photoemission analysis
of the metal electronic structure as a function of cluster
size and morphology in the 10-104 atom cluster size
range. Furthermore, a deconvolution of the "screened" and
"unscreened” contributions to the Xe core emission
allowed us to probe directiy the magnitude and the
spatial extent of the metal-induced screening of the Xe
core hole as a function of cluster size.

C4.1

MEASUREMENT OF THE RELATIVE POSITION OF ADJACENT
CRYSTALS, AND THE MODELLING OF INTERFACIAL
STRUCTURE. R.C. Pond, Department of Materials Science and
Engineering, University of Liverpool, P.O. Box 147, Liverpool L69 3BX,
England, U K.

The relative position of adjacent crystals can be measured with high
precision using transmission electron microscopy. The technique can be
used in the case of grain bounduries where the relative orientation of the two
crystals corresponds to a coincidence site lattice. Under these
circumstances, sets of crystal planes which have the same spacing and
orientation in the two crystals can be oriented simultaneously for two beam
or systematic diffraction. The extinction distances for Bloch waves excited
in the two crystals will be identical, but interference will occur if their
phases are different. When the relative position of the two crystals is
defined by a displacement p of one crystal with respect to the other, the
phase difference will be equal to 2rg.p for the reflection g. Providing the
interface is inclined to the specimen surface, so called a-fringes will be
observed in the image. By comparing simulated images with experimental
observations, and using at least three independent reflections, the vector p
can be determined. In favourable specimens, values of g.p as small as 0.02
can be detected. However, the technique is subject to possible ambiguities
and imprecisions, particularly when high index reflections are used.

Determination of p enables interfacial structures to be modelled, and the
technique has been used successfully to investigate the interfacial structure
of grain boundaries in Al, Si and Ge for example. In addition, information
concerning the structure of interfacial dislocations, and the excess free
volume at interfaces has been obtained by these means,

C4.2

INTERFACE STRAIN AND THE VALENCE BAND OFFSET AT
THE LATTICE MATCHED Ing 53Gag 47As/InP INTER.F:\CE.
Mark S. Hybertsen, AT& T Bell Laboratories, Murray Hlt, NJ.
07974.

High resolution X-ray diffraction experiments on carcfully Erown
1ng 53Gag ¢7As/InP heterostructures have shown an intrinsic
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interface strain [1). The growth sequence yields atomically abrupt

interfaces with two types of interface layer: PAf (where
M=1Ings3Gap47) and AsIn. In the present work, the interface
energy as a function of strain for a 3X3 superlattice has been

calculated using the local density functional approach (LDA). The

alloy is treated within the virtual crystal approximation. In these
preliminary studies, a simple one parameter structural modeli is
examined: the PM distance is contracted by € while the Inds
distance is expanded by ¢, preserving the c-axis lattice constant.
The calculated strain which minimizes the total energy is similar
to the strain found in the experiment. Furthermore, the
calculated valence band offset (within the LDA) is found to be a
sensative function of the interface strain, varying by 150 meV for
0.0 <e< 0.08. More detailed structural studies are underway and
the interesting case where both interfaces have the same
composition, e.g. Inds and Asln, will be discussed.

[1}] J.M. Vandenberg et al., Appl. Phys. Lett. 53, 1920 (1988).

C4.3

STRUCTURAL STUDIES OF EPITAXIAL METAL
SEMICONDUCTOR INTERFACES USING TRANSMISSION
ELECTRON SCATTERING. D, Loretto, J. M. Gibson and N. Chand,
AT&T Bell Labs., 600 Mountain Ave., Murray Hill, NJ 07974 and S.
M. Yalisove, Dept. of Materials Science and Engineering, University of
Michigan, 2300 Hayward Street, Ann Arbor MI 48109.

Epitaxial semiconductor/metal interfaces are usually studied in the
transmission electron microscope (TEM) in two specimen geometries:
planview and cross-section. In planview samplies the electron beam
impinges perpendicular to the plane of the interface, which allows for
quantitative diffraction and conventional diffraction/imaging. In cross-
section samples the electron beam is at grazing incidence and high
resolution TEM images can be recorded. The advantages and limitations
of each technique will be discussed using examples drawn from our
continuing study of CoSi2/Si(001) 2x1/1x2(}) and from work on
Al/GaAs(001). In particular we will discuss the relative sensitivity of
HRTEM and planview transmission electron diffraction to atomic
displacements at an epitaxial interface.

D. Loretto, J. M. Gibson and S. M. Yalisove, to appear in Phys. Rev.
Lett. July 1989,

C4.4

HIGH-RESOLUTION IMAGING OF THE INTERFACES BETWEEN
GaAs AND CoGa AND ErAs. Jane G. Zhu, Stuart McKeman, Chris J.
Palmstrem® and C. Barry Carter, Department of Materials Science and
Engineering, Comell University, Ithaca, NY 14853; *Bellcore, Red
Bank, NJ 07701.

Metallic compounds, including NiAl, NiGa, CoGa and CoAl, have
numerous potential uses such as the incorporation of metal layers into
semiconductor structures and the improvement of metal contacts for
semiconductor devices. These compounds have the CsCl (i.c., simple
cubic) structure. The arsenides of the trivalent rare earths, which are being
studied for the same reasons, occur normally with the NaCl (f.c.c.)
structure. The lattice consiants, or for the materials with the CsCl
structure, a sub-lattice constant, of these compounds are very close 1o the
lattice constant of GaAs. For the purpose of invgoti(?ting the structure and
crysial quality of epilayers of these materials, a and ErAs have been
grown on GaAs (100) substrates by molecular-beam epitaxy. The misfit
dislocations at these interfaces have been characterized and will be
discussed in & anion paper. High-resolution transmission electron
microscopy (HR ) has been used to study the atomic configuration
and the abruptness of both the CoGa/GaAs and ErAs/GaAs interfaces.

The HRTEM images have been recorded using a JEOL 4000EX which
has a point-to-point resolution of ~0.17 nm. interface images have
been simu for a range of imen and image conditions using the
TEMPAS multislice program. images of the materials on either side
of the interface have also been simulated and compared to the
experimentally obtained images. The position of the interface can be

95

located uasinbigously in both the real and simulated images. The
ErAs/GaAs interface appears to be very smooth, while the CoGa/GaAs
interface does not appear to be as flat on an atomic scale. Interfaces have
also been analyzed, in both simulated and experimental case, where steps
were present on the original surface.

C4.5

PLAN-VIEW CBED STUDIES OF N10-2rO,(Ca0) INTERFPACES.
Vinayak P. Dravid, Michael R. Notis, Charles E. Lyman,
Dept. of Materials Science & Engineering, Lehigh
University, Bethlehem, PA 18015, USA, A. Revcolevschi,
Lab. de Chimie des Solides, Universite de Paris-Sud,
Orsay, FRANCE.

Lamellar interphase interfaces in the directionally
solidified eutectic (DSE) Ni0-2r0,(Ca0) have been
investigated using conventional » convergent beam
electron diffraction (CBED) and high resolution TEM.
This DSE grows along [110] Ni0 // [001] Zr0,, with
(112] K10 // (0T0] Zro, and (111] Ni0 // (160] zro, //
Interface normal. (llf) NiO0 // (100) ZrO, has been
identified as a low energy configuration with
translation periodicity within the planar interface.
The symmetry and relaxation mechanisms associated

with this interface, in particular the three components
of rigid body translation (RBT) have been investigated.
CTEM and HRTEM indicated the dense nature of the core
of the interface with minimum lattice expansion normal
to the interface. Plan-view CBED has been used to
identify in-plane RBT which generally lowers the
holosymmetric bicrystal point group symsetry. The
detailed methodology of plan~view CBED technique, its
advantages and limitations will be compared with

other experimental techniques.

C5.1

INTERFACIAL SUPERSTRUCTURES STUDIED BY GRAZING
INCIDENCE X-RAY DIFFRACTION. i i .
Jun’ichiro Mizuki, lchiro Hirosawa and Junji
Matsui, NEC Corporation, 34, Miyukigaoka,
Tsukuba city, lberaki 305, Japan

Surface superstructures ( reconstructed
structures ) have been observed by many
authors. However, it is not easy to confirm
that a superstructure does exist at an inter-
face between two so0lid layers. The present
paper reports a direct observation, by a graz-
ing incidence X-ray diffraction technique with
use of a synchrotron radiation, of superstruc-
tures at the interface between two solid
layers: amorphous silicon ( a-Si )/8Si(l1l)-
7x7, a-5i/Geo.25io.e(111)-5x5, a~Si/B(Jax{3)/
Si(111), epitaxial S1(111)/B(3x J3)/8i(111),
Si0s/Si(100)-2x1. In the case of B(J3x 43, for
instance, boron atoms are suggested to occupy
substitutional sites, thus forming the J3xJJ
gstructure. Interfacial superstructures between
Al ( also Sb or Yb ) and GaAs(100) have also
been found. For the Yb/GaAs(100) contact sys-
tem, different interfacial superstructures have
been found with different Yb thickness giving
rise to different Schottky-barrier heights.
Such superstructures may be relevant for under-
standing Schottky-barrier formation. In addi-
tion, the interfaces of MOCVD-grown AlN/
GaAs(100) have been found to have 1x4 or 1x6
superstructures.

- a——

—
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c5.2

DIRECT OBSERVATION OF A 7X7 SUPERSTRUCTURE BURIED AT THE
ANORPHOUS-Si/Si(111) INTERFACE.  Akijrs Sekgj. Toru Talsumi
and Koichi Ishida, Fundasental Research Laboratories, NEC
Corporation, Miyukissoks, Tsukubs, 305 Japan.

imaging of a Tx7 superstructure buried at the
amorphous-5i/Si (111) interface has been demonstrated by

Direct

cross-sectional high resolution transmission electron
sicroscopy (HRTEM). The electron diffraction pattern of the
interface region showed diffuse streaks of fractional order
which suggested the existence of the superstructure st the
interface. The <110> cross-sectionsl HRTEN image of the
buried 7x7 superstructure in one domsin showed ssv-tooth
like contrast which had a periodicity of 23 A. This
periodicity is 7 times the 1/3{422) periodicity which is
3.3 A along the interfsce. The optical diffraction pattern
of the image confirmed that the diffuse stresks of
fractional order contributed to the image formation of the
buried 7x7 superstructure. The origin of the imsge contrast
will also be discussed.

C5.3

TOPOGRAPHY OF Si(111): CLEAN SURFACE PREPARATION
AND SILICON MOLECULAR BEAM EPITAXY. R.T. Tung, D. J.
Eaglesham and F. Schrey, AT&T Bell Labs., Murray Hill, N.J.

Recently it was shown that high quality single crystal NiSi2 and CoSi2
may be grown at room temperature on Si(111) by deposition of a few
monolayers of metal, followed by co-deposition of silicide. Because of
the absence of long range diffusion, imperfections on the original Si
surface, such as steps, are preserved at the interface between silicide and
silicon. These defects may be imaged by TEM to display the topogra-
phy of the original surface. Large areas (>100 um?) of the surface may
be examined at one time. The sense (up or down) of the steps may also
be determined. In this paper, a comparison is made between Si(111)
surfaces prepured by various techniques, including Shiraki oxidation, Si
beam cleaning, etc. It is shown that the distribution of steps varies
significantly depending on wafer misorientation, impurity particles, etc.
Multiple steps and step bands are observed on surfaces with larger
misorientation angles (~2-6%). The initial stages of Si MBE is studied
in dewil. Nucleation of Si islands on flat terraces is shown to depend
on the terrace width as well as the character of prevalent steps. Prelim-
inary result regarding the role played by 7x7 domain boundaries and
impurities is also presented. With a high growth rate of ~ 1 Afsec,
siep-flow type growth is found for > 700°C and two dimensional
nucleation and growth of Si islands on the terraces is found at < 600°C.
A discassion of the growth mode as a function of temperature, deposi-
tion rate, and step density is given.

C5.4

STRUCTURE AND COMPOSITION OF LIQUID / SOLID
INTERFACES BY ION CHANNELING. M.M. Karmarkar , Ray
Twesten and K.R, Padmanabhan. Department of Physics and
Astonomy, Wayne State University, Derroit, MI 48202.

The liquid / solid interface is an active region in which the interaction
between the liquid and the solid can lead to variasions in the
composition across the interface and possible atomic rearrangement in
the underlying substrate. In this paper the application of ion channeling

technique to study 1nterfacial smucture and composition in situ at the
liquid / solid interface is discussed.

Energetic He ions backscattered from a thin Si window cel] !
arrangement are used to characierize the liquid / solid interface after in
situ anisotropic etching of the oxide layer. Analysis of the aligned and
random backscartered energy spectrum of the ions after their interaction
with the liquid at the interface indicates the growth of thin epitaxial
metal films on Si from solutions. Experimentally measured ¥ rpio
values of Si and metal atoms indicate that the metal atoms are deposited
along the same direction (as the substrate atoms) up to several nm from
a sharp interface. The latrice damage of the substrate during film growth
from the solution appears significantly lower compared to that due 1o
ewching. Exampies of this study for the deposition of epitaxial metal
films of Cu, Ni, Pd and Au on Si from solutions of the metal halides
are presented.

1. K.R. Padmanabhan, , P.J. Drallos, R. B. Alexander and J. C.
Buchholz, Appl. Phys. Lett..48, 578 (1986).

CS5.5

ELECTRONIC AND ATOMIC PROPERTIES OF THE a-C:H/Ge
INTERFACE. M, Wittmer, IBM T. J. Watson Research Center,
Yorktown Heights, N.Y. 10598; D. Ugolini and P. Oelhafen, Institute
of Physics, University of Basel, CH-4056 Basel, Switzerland.

The performance of Ge infrared optical components can be drastically
improved by the use of a protective and antireflection coating made
of a hydrogenated amorphous carbon (a-C:H) film. A primary concern
in all applications a-C:H films is adhesion. The adhesion quality of thin
coatings on a material depend to a large degree on the electronic and
atomic properties of the interface. Since adhesion is promoted by
chemical bonding and atomic intermixing in the interfacial layer, the
absence of a stable germanium carbide compound surmises a poor ad-
hesion of a-C:H films on Ge. We have investigated the properties of
the interface with photoelectron spectroscopy, high resolution trans-
mission electron microscopy and ion channeling technique and found
the {ormation of a metastable phase and the existence of atomic
intermixing in the interfacial layer. The reactive nature of the
a-C:H/Ge interface is consistent with the good adhesion of our
a-C:H films on Ge surfaces. The metastable phase is amorphous and
the interfacial roughness amounts to less than 20A. The effect of
substrate cleaning and deposition parameters on the interface proper-
ties will also be discussed.

Cé6.1

SEMICONDUCTOR
INVESTIGATION BY BALLISTIC-ELECTRON-EMISSION

INTERFACE ELECTRONIC STRUCTURE

MICROSCOPY.* L. D. Bell, M. H. Hecht, F. J.
Grunthaner, and William J. Kaiser, Jet Propulsion
Laboratory, California Institute of Technology,
Pasadena, California.

Ballistic-Electron-Emission Microscopy (BEEM) is
a three-terminal Scanning Tunneling Microscopy
technique which enables imaging of buried inter-
faces with nanometer spatial resolution. Local
BEEM spectroscopy of ballistic electron transport
through interfaces allows direct, spatially-
resolved measurements of critical interface
properties including Schottky barrier height,
semiconductor heterostructure band offset, and
interface band structure.

Recent BEEM investigations of semiconductor
heterostructure electronic properties will be
discussed. Au/AlAs/GaAs heterostructures have
been prepared by molecular-beam epitaxy (MBE) and
in-situ processing techniques. BEEM transport
spectroscopy results for these thin, MBE-grown
heterostructure tunnel barriers will be des-
cribed. BEEM reveals a dramatic dependence of

the barrier transport spectra on layer thickness




for monolayer thickness variation, Finally,
results employing new BEEM capabilities enabled
by low-temperature operation will be presented.

*Research supported by ONR and SDIO/IST.

C6.2
T.E.M. IMAGING OF AN OPERATING S.T.M. STRAIN EFFECTS

OF S.T.M. J.C.H. Spence, Arizona State University, Tempe,
Arizona 85287-1504

An STM has been constructed which operates inside a TEM, during
reflection electron microscope (REM) imaging (1,2). REM and STM
images of the same region have been obtained. These show that, at
a vacuum of about 107 Torr, reversible elastic strain sometimes
accompanies tunneling. A Pt tip was used on InP. Video recordings
have also been made during tunneling, and RHEED patterns are
obtainable from the region imaged. We find that the strain
decreases with increasing tuaneling bias (larger gap). The
possibility that these observations result from tunneling through an
insulating adsorbate layer will be discussed. The implications of
these strains for spectroscopy and work function measurements will
be outlined.

1. M. Kuwabara, W. Lo and J.C.H. Spence. J.Vac. Sci. Tech.
(1989) in press.
2. J.C.H. Spence. Ultramicros. 25, p. 165 (1988).

C6.3

SLIDING PLANES MODEL FOR STM IMAGING. John D,
Todd and John B. Pethica, Department of Metallurgy
and Science of Materials, University of Oxford, UK.

Scanning Tunnelling Microscope Images of layered
materials in a non-uhv environment exhibit various
anomalous phenomena, including enhanced
corrugation heights, periodicity over large areas and a
marked absence of point defects. The recent images of
Au(111) and AIl(111) also show some of these
properties. We have modified a precision indentation
device to allow STM rastering of a tip across a surface,
while simultaneously monitoring mechanical contact.
Images we have obtained from this apparatus on a
HOPG sample exhibit atomic scale resolution with
contact areas much larger than a single atom.

Contrast in the image results from periodic
conductance fluctuations as the layers of the sample
undergo shear in the region of the tip. We provide a
quantitative model for this process, which explains a
variety of curious, and otherwise unrelated
phenomena occurring during STM imaging of these
materials.

C6.4

THE FORMATION OF Si(111)1x1-Cl, John J. Boland and J.S.
Villarsubia, 1BM Research Division, Thomas J. Watson Research
Center, Yorktown Heights, NY 10598

Using scanning tunneling microscopy, we have studied the struc-
tural modifications induced by Cl upon reaction with Si(111)7x7.
At low coverages reacted and unreacted sites are distinguishable in
both current-voltage curves and topographs. At saturation cover-
age anncaling produces extensive mass transport in which most of
the adatom layer is stripped away and accumulated in pyramidal
Si structures, permitting the complete underlying Si rest atom layer
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to be imaged. Much of this layer initially exists as nearly adatom
free Cl stabilized 7x7 domains, but further annealing converts it
slowly to the more favorable bulk-like 1xI structure. Structures
intermediate between the 7x7 and 1x! are observed.

C7.1

ATOMICALLY-RESOLVED SURFACE PHOTOVOLTAGE MEAS-
UREMENTS BY OPTICALLY-EXCITED SCANNING TUNNELING
MICROSCOPY. R.J. Hamers and K.M. Markert, IBM T.J. Watson
Research Center, Yorkiown Heights, N.Y.

Tunneling microscopy and tunneling speciroscopy have conven-
tionally been applied to study the equilibrium properties of sur-
faces. However, many of the most important electronic properties
at surfaces and interfaces are dynamic phenomena such as trap-
ping and recombination. When a surface or interface is illumi-
nated with visible light, the created electron-hole pairs will
separate due to local band-bending, resulting in a photovoltage
at the surface. The spatial dependence of the surface
photovoitage (SPV) and its dependence on the illumination in-
tensity can provide unique information about both the static and
dynamic efectronic properties of surfaces and interfaces.

We have used scanning tunneling microscopy, spectroscopy, and
potentiometry to study the atomically-resolved surface
photovoltage on both clean and chemically-modified silicon sur-
faces. At low lllumination intensities, the SPV signals show a
logarithmic dependence on the incident power. At higher inten-
sities the SPV effect saturates as the bands are fiattened, thereby
allowing us to determine the absolute surface band-bending with
atomic spatial resolution. Finally, at the highest intensities, par-
tial inversion of the surface is sometimes observed. Large dif-
ferences are observed in the photovoitage response at defects
and other suiface irregularities. These differences can be di-
reclly related to spatial variations in the local surface recombi-
nation rate and the local band-bending. Detailed measurements
allow us to distinguish between these two possibilities.

Cc7.2

PHOTOREFLECTANCE STUDIES OF ADSORPTION-INDUCED
CHANGES IN SURFACE STATES ON GaAs(100), S. Sheu,
K. Schultz, and Department of Chemical
Engineering, Univessity of IHlinois, Urbana, IL. 61801.

Photoreflectance (PR) is a contactless optical technique that has
traditionally been used for studies of the bulk electronic properties of
semiconductors. Recent efforts in this laboratory have focused on
using PR for adsorption measurements. In PR, the change in surface
reflectance induced by a low-intensity laser is measured as a function
of the wavelength of a tunable light source. At sufficiently high
carrier concentrations (near 10'* cm®) spectral features, known as
Franz-Keldysh oscillations, appear due to quantum effects. In
particular, the period and decay of the oscillations varies in response
to adsorption of Ga and As, on GaAs(100) that can be interpreted
quantitatively in terms of small changes in Fermi level pinning and
changes in recombination rates medisted by surface states. The
effects of surface recombination on the oscillations has been
evaluated independendy through studies of ion bombardment. Heavy
bombardment with 1 keV Ar® ions decreases surface carrier lifetime
by about 20%. On semi-insulating samples, an optical interference
effect in PR may be exploited to obtain eostimates of how quickly
charge in slow surface states equilibrates with the bulk. Adsorption-
induced changes in this phenomenon due to Ga and As, are
investigated as well.

I |
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C7.3

THE FIRST MONOLAYERS OF Sb ON I11-V-SEMICONDUC-
TORS STUDIED BY LIGHT SCATTERING. Michael Huner~
mann, Jean Geurts, l.Phys.Inst. RWTH Aachen, FR
Germany and Wolfgang Richter, Inst. Festkorper-
physik, TU Berlin, FR Germany

Sb has been deposited under UHV conditions on
cleaved (110) faces of GaAs, InP and GaP. Inela-
stic (Raman) and elastic light scattering was
used to monitor the structural and morphological
properties of the Sb overlayers. A sharp peak is
observed in the Raman spectra at frequencies o

163 cm~! (Gaas), 167 em~! (caP) and 185 cm-

(InP) already at submonolayer coverage. Its
intensity turns out to be strongly polarisation
dependent. From the attenuation of this peak
with increasing Sb coverage, the dependence on
deposition temperature, the variation with
substrate and the correlation with growth
morphology (deduced from elastic light scatter-
ing) this peak must be due to vibrations of Sb
atoms at the I1I-V/Sb interface. The sharpness
of this peak suggests an ordered arrangement of
Sb atoms at the III-V interfaces as has been re-
ported for Sb on GaAs in the literature. The
appearance of such peaks on InP and GaP covered
with Sb also suggests an ordered growth of the
first Sb monolayer for these systems. However,
the structural arrangement of this first Sb
layer seems to be not the same for the three se-
miconductors studied.

For larger coverages up to approximately 15
monolayers amorphous Sb is observed for all
three systems in the Raman spectra, which cry-
stallizes from thereon to rombohedral Sb, as has
been reported previously.

C7.4
STRUCTURAL AND ELECTRONIC

“ETAL-ON-METAL INTERFACES' .
S. Vidali, P. Dowben, and C.W. Hutchings, Syracuse
university, Physics Dept., Syracuse, N.Y. 13244-1130.

CHARACTERIZATION Of

We used Atomic Beam Scattering (ABS) and ARUPS to study
<he adsorption of Hg on Cu(l00) at submonolayer
:overages. ABS has been used to obtain structural
information as well as to determine isosteric heats of
agsorption at various coverages. Over a wide range of
vemperatures (from room temperature to 150K) we find that
ng forms a c(2x2) and a high density c(4x4) phase on
Lu{100). The isosteric heat changes by 0.6 eV from a low
drsoroered to a c(4x4) high density phase. The energetics
and structural determinations are related to charges in
the electronic structures determined by angle resolived
ohotoemission.

'Sponsored by N3f Grant #DMR-8802512, DMR-8820729

Cc7.5

Kinetics of Bismuth Overlayer Formation on GaAs(110) Studied Using
Low Energy Electron Diffraction and Time Dependent Monte Carlo
Simulation, §,_L. Chang. T. Guo, W. K. Ford, A. Bowler, and E. S.
Hood, Advanced Maierials Center, Department of Physics, and the
Department of Chemistry, Montana State University, Bozeman, Montana
59717 Low energy electron diffraction spot profile analysis has
been used to investigate the kinetics of overlayer growth for bismuth on
GaAs(110). Electron diffraction from films deposited at low temperature
was analyzed over the temperature range -100 C to 200 C. Adaiom
coverages of 0.4, 0.7, 1.0 and 1.5 monolayers have been studied. The
experimental results indicate that sixth order spots begin 1o form at
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coverages as low as 0.7 monolayers, with an ordering temperature of
approximately -30 C. The sixth order diffraction arises due to the formation
of 24 A adatom chains along the (1 10) direction, the short direction in the
gallium arsenide surface unit cell. Adatom induced substrate reconstruction,
which is indicated by a loss of the (10) diffraction beam intensity, and spot
profile narrowing upon annealing have been observed. Preliminary analysis
of the spot profile data suggests that the dominant ordering mechanism is
provided by an attractve, interchain interaction directed perpendicular to the
chain axis. Advanced theoretical analysis using time dependent Monte
Carlo simulations is currently underway to examine and to quantify the
kinetics of overlayer formation and the development of ordered structure.

C7.6

IDEALLY HYDROGEN TERMINATED Si(111) SURFACES
PREPARED USING HF ACID SOLUTIONS: PRODUCTION OF
PERFECT CRYSTAL TERRACES? G. S. Higashi, Y. J. Chabal, G.
W. Trucks and Krishnan Raghavachari, AT&T Bell Laboratories,
Murray Hill, NJ 07974

Infrared absorption spectroscopy has been used to characterize the
silicon hydrogen stretching vibrations due to H-termination of Si
surfaces produced by HF acid eiching. Normal HF acid etching
taqueous HF solutions of varying concentrations) results in surfaces
which are atomically rough, exhibiting vibrational modes characteristic
of mono-, di-, and tri-hydride Si termination. In contrast, pH modified
HF solutions (pH = 9-10) produce ideally terminated Si(111) surfaces
with silicon monohydride (=Si-H) oriented normal to the surface. The
surface is found 10 be homogeneous with low defect density (< 0.5%)
and extraordinarily narrow SiH vibrational linewidth (0.95 cm™).
These surfaces are very stable; rinsing in H,O, HC1, or NH4OH for
brief periods has little effect on the vibrations observed.

The implication of this finding is that the surfaces are extremely flat and
have a high degree of crystalline perfection. The high degree of
~hemical and topological control of this interface suggest that this
surface preparation technique may be useful for metal-oxide-
semiconductor device applications.

c8.1

MOLECULAR DYNAMICS STUDIES OF INTERFACE
FORMATION DURING THIN FILM GROWTH. George H. Gilmer
and Marcia H. Grabow, AT&T Bell Laboratories, Murray Hill, NJ
07974, and Aloysius F. Bakker, Applied Physics Department, Delft
Technical University, 2600 G A Delft, The Netherlands.

We have simulated the deposidon of semiconductor thin films onto a
variety of different substrates. Molecular dynamics techniques give
information on the atomic-scale structures at all stages during the
growth of the films, and some of these sequences will be illustrated in
a videotape of the model. Simulations of large atomic systems over
extended periods of time were made possible by the use of a special-
purpose computer ATOMS which we constructed. The shared-
memory architecture of ATOMS permits efficient use of parallel
processing with a limited number of processor boards. We now have
two machines operating, each of which runs our molecular dynamics
code faster than the in-house supercomputer. These simulations reveal
some of the atomistic mechanisms of crystal growth, impurity
incorporation, defect gencration and strain relaxation.  Special
emphasis is given to the effects of misfit between substrate and film,
the strength of the bonds between the film atoms and the substrate,
and dislocations and monatomic steps at the substrate surface. The
stability of uniform films against islanding is also considered, and the
influence of the deposition conditions on surface uniformity is
examined.
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c8.2

A MOLECQULAR DYNAMICS STUDY OF WATER-Pt INTERFACE.
K. Foster, K. Raghavan and M. Berkowitz, Department of
Chemistry, University of North Carolina, Chapel Hill, NC.

An analytical form of the interaction potential for
studies of rigid surface~rigid water interface is
, prescribed. Using this potential the structure and
dynamics of water lamina between the Pt(100) surfaces is
investigated. The surface strongly influences the
properties of two layers of water. The adjacent to the
metal surface water layer has a crystal-like structure in
two-dimensions parallel to the surface. Most of the
molecules in this layer remain at the energetically
favorable on-top sites over the duration of the
! similation. The second layer is not crystal-like,
although the remnants of the order imposed by the surface
are clearly seen. Same of the molecules in the second
layer are located above the water molecules of the first
: adsorption layer. Beyond the second layer water displays
S bulk-like character.

c8.3

NON-EQUILIBRIUM MOLECULAR DYNAMICS SIMULATION OF
THE RAPID SOLIDIFICATION OF METALS. CIiff F. Richardson
and Paulette Clancy, School of Chemical Engineering, Cornell
University, Ithaca, NY 14853.

A recently developed non-equilibrium Molecular Dynamics computer

simulation method! is used to study the rapid melting and
resolidification of metals including copper, gold and aluminum. The
interatomic forces between metal atoms are modeled with the density

functional theory-derived Embedded Atom Method (EAM)Z. Two
methods are used to parameterize the embedding function and pair

potentials for the EAM: one is due to Foiles3 for liquid transition

metals, the other was developed by Oh and Johnson? for fcc and hep
metals. The results from the two models are compared to establish the
importance of the hardness of the potential function. They are also
compared to results for the simpler Lennard-Jones (LJ) model for the
interatomic forces to determine the effect of the many-body forces which
are present in EAM, but absent in LJ. A detailed description of the
solid/liquid interface morphology will be made together with the
caiculation of the interface temperature and velocity to establish the rapid
interface kinetics and their effect on the post-processed product.
Comparison will be made with recent experimental results due to

MacDonald et al? for the picosecond laser melting of copper and gold.

1. D.K. Chokappa, S.J. Cook and P. Clancy, Phys. Rev. B., 44,
May 15 (1989).

M.S. Daw and M.1. Baskes, Phys. Rev. B., 29, 6443 (1984).
S.M. Foiles, Phys. Rev. B., 32, 3409 (1985).

D.J. Oh and R.A. Johnson, J. Mater. Res., 3, 471 (1988).

C. MacDonald, A.M. Malvezzi and F. Spaepen, J. Appl. Phys., 3,
129 (1989).
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C8.4

PROPAGATION AND STABILITY OF MONATOMIC STEPS ON
THE S1(001) SURFACE DURING MOLECULAR-BEAM EPITAXY.
S. Clarke, M.R. Wilby, D.D. Vvedensky, The Blackett Laboratory
and Semiconductor Materials IRC, Imperial College, London SW7
2BZ, United Kingdom.

The 2x1 dimer reconstruction of the Si(001) surface leads to the
creation of two types of monatomic steps, those with dimers
orientated normal to the step-edge (S,) and parallel (S,). We present a
Monte Carlo simulation of molecular beam epitaxy on vicinal 5i(001)
surfaces comprising an ordered array of monatomic steps.
Comparison of simulated 2x1 domain coverage with half-order
features in RHEED allows us to follow the propagation of steps at the
surface. We observe preferential growth at S, steps for high fluxes,
however for low fluxes this situation is reversed and growth is
localizedat G, steps. Detailed reproduction of the surface

99

morphology, as observed by STM, enables a kinetic mod ~; o this
phenomena to be proposed. Our study highlights the sensitivity of the
solid-vacuum interface to the imposition of non-equilibrium
constraints by the incident Si flux. We extend this analysis to bi-vidinal
surfaces, in which the surface has been misorientated in two
perpendicular directions.

c8.5

A NEW DEFECT ON THE RECONSTRUCTED Si(100) SURFACE; An
AB INITIO MOLECULAR-DYNAMICS STUDY. Sigeo lhara and
Shi Lun Ho, Central Research Laboratory, Hitachi Ltd.,
Kokubunji, Tokyo, Japan; Tsuyoshi Uda and Masahiko Hirao,
Advanced Research Laboratory, Hitachi Ltd., Kokubunji, Tokyo,
Japan;

The modified method of Car and Parrinello [1] has been used
to perform molecular-dynamics of Si(100) surface. In our
method, the first order equation of motion is used for the
ectronic wave functions in contrast to the second order one in
the original dynamical simulated annealing.

With this method the 2X1 reconstructed Si(100) surface is
studied. We found a new type of defect on the surface; atoms
which form the dimer are recessed trom the surface, and are
located at the interstitial sites. This recessed or interstitial
dimer and the adjacent on-surface dimer are both symmetric.
The energy difference per dimer between the recessed and the
usual on-surface asymmetric dimer is less than 0.1 eV. Finite
temperature simulations indicate that these interstitial dimers
are stable.

The relationship of these new dimers to the missing dimers
observed by STM [2] and the vacancy model proposed by
Pandey[3] is discussed.

[1] R. Car and M. Parrinelio, Phys. Rev. Lett. 55. 2471 (1985)

[2] R.J. Hamers, R.J. Tromp, and J.E. Demuth, Phys. Rev. B34.
5343 (1985)

[3] K.C. Pandey. in Proc.of the 17th inter. Conf. on the Physics
of Semiconductors,ed. by D.J. Chadi and W.H. Harrison
(Springer-Verlag, New York 1985), p.55

C9.1

ELECTRONIC AND ATOMIC STRUCTURES OF SILICIDE/Si
CONTACT SYSTEMS STUDIED BY SXS. H.Watabe, Matsu-
shita Electric Industrial Co., Lttd., Osaka 540,
Japan, M.Iwami, M.Hirai, M.Kusaka., Research Labo-
ratory for Surface Science, Faculty of Science,
Okayama University, Okayama 700 Japan and
H.Nakamura, Osaka Electro-Communication Universi~
ty., Neyagawa, Osaka 572, Japan,

It has been clarified by some of the authors and
others that Si-L 3 valence band soft x-ray emis-
sion spectra(SXS§'show a clear difference between
several Si-compounds and a Si crystal[l1]. An
interesting point of our new application of SXS
method to a hetero-interface system is that it s
able to clarify either electronic or atomic stru-
cture of solid surfaces and interfaces non-des-
tructively(1].

Several silicides/Si contact systems are studied
by the SXS, XPS(x-ray photoelectron spectroscopy)
and several other methods. S1-L2 SXS spectra
of several silicides are composed o?amainly three
parts including a2 peak at photon energy of 100
eV, i.e., near Er. Since the soft x ray emission
{s induced by an electron transition from a
valence band to a Si(2p) core hole, the SXS
spectra are expected to reflect the valence band
00S(density of state) with an s~ and d-symmetry
due to a selection rule. Also, a d-Tike DOS of
transition metals is expected to be near EF. This
indicates the d-11ke DOS near Ef is not due to a
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nonbonding d-state but due to a bond formation
between a transition metal and a Si atom. Inter-
face structuyres will be discussed on this base.

[1] M.Iwami, et al., Surf. Sci. 199 (1988) 467.

C9.2

COMPACT AND HIGH-RESOLUTION ION BACKSCATTERING
ANALYSIS SYSTEM, CHIRIBAS

Y.Kido, I.Konomi, A.Kawano, and J.Kawamoto
Toyota Central R & D Laboratories, Inc.,
Nagakute-cho, Aichi-gun, Aichi-ken, 480-11, Japan

The design and performance of CHIRIBAS (Compact and
High-Resolution Ion Backscattering Analysis Sys-
tem) are presented. The system consists of a 50
kV duoplasmatron and energy analyzers connected
to a personal computer. The 5-50 keV H°, He®, and
He* beams are backscattered to 180° and their en-
ergies are analyzed by a time-of-flight technique
or with an electrostatic deflector combined with
a position sensitive micro-channel plate. The
probing depth and depth resolution are estimated
to be up to 50 and 0.5 nm, respectively. The
computer-simulated spectrum analysis allows rapid
and accurate determination of surface and inter-
face structutes such as lattice disorder and mor-
phology. CHIRIBAS alsc allows the measurement of
excited state populations using Stark ionization
for the 5-10 keV H®° neutralized at the exit sur-
face. This technique provides the possibility to
determine the energy and spatial distributions of
the valence electrons extending outward from the
top surface. The present study includes the dis~
cussion on the physical basis of ion-solid inter-
actions and the preliminary data on surface struc-
tures obtained by CHIRIBAS.

€9.3

TEMPERATURE DEPENDENT CURRENT-VOLTAGE CHARAC-
TERISTICS IN THIN SiO. FILMS, Jin Zhao and N.M. Ravindra. Mi-
croeiecronics Center, New Jersey Insuwmute of Technology, Newark,
New Jersey 07102,

An analvsis of the Fowler-Nordheim theory and its application to tem-
perature dependent current- voitage characteristics, of very thin films of
SiO, on siicon, is presented. The final results are pelieved to provide
the ‘most complete examunaton of Fowler-Nordheim-emission theory
and predict the breakdown elecmic field in very thin (2.5-20 nm) SiO.,
films. The role of the roughness. at the S$i-SiO. interface, in determinming
the Fowler-Nordheim current in these structures is also discussed.

C9.4

SPECTROSCOPIC ELLIPSOMETRY AS A NON-DESTRUCTIVE
TECHNIQUE FOR CHARACTERIZATION OF ATOMIC-SCALE IN-
TERFACES IN MULTI-LAYER STACKS. J L Stehle, J_H
lacat, J P Plel, BOPRA, 26/68 rue Pierre Joig-
neaux, 92270 Bois-Colombes, FRANCE. L C Hammond,
ARIES/QEI, Concord MA 01742, USA.

Analysis of oxide interfaces with semiconductor
substrates, such as crystalline silicon, gallium
arsenide or indium phosphide is critical in
processing and electrical performance. For
various layer growth processes, interfaces can be
Characterized by spectroscopic ellipsometry (SE).

The wide spectral range (1.3 to 5.3 eV) of SE al-
lows an optical penetration depth of 10nm to a few
microns. It also allows coverage of the critical
range of crfltllllnity peaks of silicon, ger-
manium, gallium arsenide and indium phosphide.

A multilayer stack can be characterized in terms
of its layer thicknesses and mixture compositions.
As SE is a non-destructive technique, the physical
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parameters thickness and composition must be cal-
culated through a mathematical model. Linear
regression analysis is used to minimize the aif-
ferences between the measured spectrum and the
calculated model. The error parameter term, .
is used as an indication of the quality of the
fit. If necessary, an interlayer can be intro-
duced into the model to enhance the fit. 1Its
thickness can be measured with a sensitivity bet-
ter than 2 Angstroms, Examples will be given.

c9.5
ADSORPTION AND TRIBOCHEMICAL REACTIONS. W. M. Mullins,
Purdue University, West Lafayette, IN; and T. E. Fischer,

Stevens Institute of Technology, Hoboken, NJ.

A model for chemisorption based on the Lewis theory is
proposed and developed. The model reproduces the observed
relationship between aqueous solubility and band gap for
covalent oxides. A relationship is shown between the
calculated free-energy of the surface reactions and the
observed effect of water on the wear of these materials.
This relationship 1is explained in terms of surface
reaction rate and equilibrium. Similar calculations for
the adsorption of -CCOH and -CH,- functional groups are
presented. The results a.e compared to water adsorption
calculations and related to experimental wear test results
for model fluids on covalent oxides. The effect of water
on lubricant adsorption is discussed.

C9.6

DIRECT REAL SPACE IDENTIFICATION OF THE PRO-
DUCTS OF A SURFACE CHEMICAL REACTION USING
SCANNING TUNNELING MICROSCOPY. John J. Boland and
1.S. Villarrubia, IBM Research Division, Thomas J. Watson Re-
search Center, Yorktown Heights, NY 10598

In this talk we show that it is possible to distinguish between the
various products from the reaction of Cl with the adatom layer of
the Si(111)-7x7 surface. initially the Cl reacts with .the ac_lntom
dangling bond state but at higher coverages it inserts itself in the
Si-Si bonds between the adatomn and rest atoms layers. As a result
there are three possible products reflecting adatoms which have re-
acted with one, two or three Cl atoms. These products, which cor-
respond to thrce different Si adatom oxidation states, are
characterized by different registries with respect to the unqerlymg
rest atom layer and appear in STM images as adatoms of different
sizes. The origin of these differences is discussed.

c9.7

DISCRIMINATION OF ATOMS ON THE SURFACE OF A TWO
DIMENSIONAL SOLID SOLUTION WITH SCANNING
TUNNELING MICROSCOPY. B. A, _Parkinson, E. |. DuPont de
Nemours & Co., Central Research and Development Department,
P. O. Box 80328, Wiimington, DE 19880-0328

Atomic resolution STM images of WSz, WSez and the solid
solution WSeS were obtained in air. The statistical distrubution
of the peak tunneling currents at each atom location was much
larger for the solid solution than for the pure phases. A clearly
separated bimodal distribribution was not observed for WSeS
and so surface ocuppancies could not be unambiguously
assigned. A model relating the magnitude of the tunneling
current of a given atom to its identity and nearest neighbor
environment was then developed. Computer simulated images
using this model were compared with the real images. Using the
model sulfur and selenium positions for the imaged surtace could
then be deduced for >90% of the surface atoms. The occupancy
appeared to be random as was expected for a solid solution.
Speculative applications for the ability to discriminate surface
atoms are discussed.
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c9.8

A Raman Scattering Study of Interface Roughness in Small
Perio§ GaAs/AlAs Superlattices

D. Gammon, B. V. Shanabrook and W. Tsen
Naval Research Lab, Washington DC 2037

Raman scattering (RS) has been used extensively to
study the vibrational modes of (GaAs)p(AlAs)y, superlattices.
Specifically, the energies of the confined optical phonons pro-
vide information about the interfacial roughness and the
energies and intensities of the folded acoustic phonons provide
information about the period and interfacial roughness of the
superlattice. Because the enen;iies of these modes are sensitive
to the structural parameters of the superlattice, RS has consider-
able potential as a characterization technique. This is especially
true for very small periods where luminescence and absorption
spectra are difficult to interpret, and for small or thin structures
where x-rz‘lg diffraction is less useful.

In this Eaper we review the properties of superlattice
honons which are useful for the characterization of super-
attices, and we present the results of a study of interfacial
sharpness in a series of samples grown by novel MBE techni-
ques. A comparison of the advantages and disadvantages of RS
relative to those of x-ray diffraction will be given.

* A detailed discussion of the x-ray results will also be given at
the conference.

c9.9
Bi hInSb(110) ] : Studied Using Low-E El
Diffraction - I..Guo and W. K. Ford, Advanced Materials Center and

the Department of Physics, Montana State Unijversity, Bozeman, Montana
59711

Meuals are not generally known 10 form ordered overlayers on the (110)
surface of ITI-V semiconductors, largely because of the stability introduced
by the charge redistribution that drives the reconstruction of the clean
surface. Two semimetals, antimony and bismuth, are known counter
examples. We report on a new interface system Bi/InSb(110), studied
using quantitative low energy clectron diffraction. LEED diffraction
int 1sity analysis has been performed on cleaved samples with various
coverages of bismuth overlayer deposited at room temperature. Our
measured LEED intensity profiles show that, unlike the GaAs(110) case,
these is no long-range order in the bismuth overlayers for as-deposited
samples on InSb(110). However, following annealing, bismuth forms
ordered overlayers with a (1x3) phase for one monolayer of bismuth and a
(1x2) phase for two monolayers of bismuth. Furthermore, for either as-
deposited or annealed samples, there is evidence that the InSb(110) clean
surface reconstruction is not removed by the bismuth overlayers. Detailed
experimental procedures and results, as well as a possible growth
mechanism will be presented and discussed and compared to the bismuth
on GaAs(110) system.

Cc9.10

UNDER> . ANDING THE INFLUENCE OF INTERFACE PROPERTIES AND
DTPOSITION PARAMETERS ON THE SELECTIVE GROWTH OF (100) AND
(110) CoGa FILMS ON (100)GaAs. Young K. Kim, Delroy A, Baugh. and
R. Stanley Williams, Dcpuriment of Chenmustry and Biochemustry,
Umiversity of California, Los Angcles, CA 90024,

The codcposition of clemenial Co and Ga by molccular beam cpitary
is uscd to selectively prepare (100) and (110) oricnied CoGa films on
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(100) GaAs suriaces. The propensily towards a particular
oricntation, (100) or (110) CoGa, is investigaled as a function of the
rclative Co and Ga incident flux (i.e. the film stoichiometry), total
deposition rate, and the surface temperature.  The effects of
predepositing one 1o several monolayers of Co or Ga on the clean
GaAs surface prior to film growih is also studied in detail. The
primary diagnostic techniques utilized in these experiments are
Auger electron spectroscopy (AES), transmission electron microscopy
(TEM), two theta x-ray diffractometry (XRD) and x-ray photoelectron
speciroscopy (XPS). In addiuon, a quadrupole mass spcctrometer
(QMS) and a quartz crystal monitor (QCM) are used for precisc on-
line calibration of the relative and total beam flux.

Preliminary results indicate a strong depedence of the observed
orientation specificity on the film stoichiometry and on interface
reactions which appear to be controlled by the surface temperature.
The lattice parameter of CoGa (cubic CsCl structure) varies over a
rather wide range with the relative concentration of Co/Ga and is
therefore expected 10 affect the dynamics leading 10 production of
preferred orientations. TEM results have shown that in some
circumstances interface reactions can also play an important role in
this process. All aspects of the interface chemistry and physics and
how they saffect the orientation specificity will be discussed.

cs.11

OBSERVATION OF HETEROEPITAXIALLY GROWN ORGANIC
ULTRATHIN LAYERS ON INORGANIC SUBSTRATES BY IN
SITU RHEED AND UHV STM. Masahiko HARA, Hiroyuki
SASABE, Akira YAMADA and Anthony F. GARITO, Fron-
tier Research Program, The Institute of Physical
and Chemical Research (RIKEN Institute), Wako,
Saitama 351-01, JAPAN.

Heteroepitaxial growth of organic ultrathin layers
on inorganic substrates was carried out in a newl
developed organic molecular beam epitax%O(OMBE
system under a base pressure of ca. 2x107 torr.
The positional and orientational order of the
organic layers was determined during actual layer
growth by in situ reflection high-energy electron
diffraction (RHEED) from less than a monolayer.
The two-dimensional diffraction pattern is stored
in a microcomputer through a CCD camera for inten-
sity analysis. The OMBE system has also a portable
vacuum chamber so that the OMBE films can be
transferred directly into a separate ultrahigh
vacuum scanning tunneling wmicroscope (UHV STM)

system.

The RHEED pattern revealed that molecularly flat
metallophthalocyanine (MPc) ultrathin layers have
been grown heteroepitaxially on a cleaved surface
of a transition metal dichalcogenide (MX,) sub-
strate. The MPc layer has its own lattice con-
stant, which is completely different from that of
MX, even at the initial deposition stage. This
indicates that very 1large lattice uwismatched
structures can be obtained by this OMBE technique.
Further in gitu RHEED and UHV STM measurements are
now in progress and an extended discussion will be
reported in the symposium.

c9.12

A NOVEL COMPUTATIONAL METHOD FOR EPITAXIAL
ENERGY ON AN INCOMMENSURATE AND/OR
COMMENSURATE INTERFACE. Sun M. Paik and

Ivan K. Schuller, Physics Depariment, B-019, University of
California, San Diego, La Jolla, CA. 92093

A new “"mapping technique” is introduced which allows the
swdy of epilaxy on sysiems which are commensurate, axial
commensurate or incommensurate. This method applied 10
the fec (111)/bcc (110) system predicts a new epitaxial
orientation, in good agreement with a recent experiment, as
well as the well-kmown KS and NW orientations. An
epitaxial orientational shift as a function of isiand size and
syswem tempenature is also prediceed. These results are in
g00d agreement with numerical model calculations. The smdy




of atomic force microscopy (and scanning nnnelling microscopy)
using this technique and molecular dynamics simulation will

siso be discussed.

Work supporied by the National Science Foundation

Grant # DMR 87-01921.

C9.13

FULL POTENTIAL, LMTO CALCULATION OF TiC

FRACTURE D.L. Price and B.R. Cooper, Dept. of Physics, West
Virginia University, Morgantown, WV 26506*

Fracture properties of structural materials such as the transition-
metal carbides, and factors controlling such fracture, are of great in-
terest. In the rocksalt carbides, the cleavage plane is the (001) plane,
a result which is at first appearance surprising since (001) cleavage
separates the largest number of covalent bonds per unit area. Here
we report on an electronic structure calculation of the cleavage be-
havior of stoichiometric titanium—carbide along a (001) plane. This is
accomplished by use of a repeated slab supercell calculation, in which
the separation between slabs is varied to allow simulation of the cleav-
age process. At the the largest separations we then have a repeated
slab calculation of the Ti-C/vacuum surface. As the surface sepa-
ration is varied, we examine both the cleavage energy and cleavage
forces and relate these properties to the behavior of the Tid - C p
covalent bonds at the surface.

The methodology is based on performing full-potential linear combi-
nation of muffin-tin orbitals calculations of total energy for TiC in a
superlattice arrangement. Our LMTO implementation includes a true
interstitial region. Besides incorporating a full potential, we provide
for increased variational freedom in the basis set compared to standard
LMTO practice, giving the ability to deal accurately with both bulk
and surface atomic arrangements and the transition between these.

*Supported by AFOSR Grant AFOSR-87-0251.

C9.14

COMPARISON OF SURFACE ATOMIC GEOMETRIES OF TETRAHEDRALLY
COORDINATED COMPOUND SEMICONDUCTORS WITH THOSE OF RUTILE
STRUCTURE OXIDES, Charles B. Duke, and Michael R.
Thompson, Pacific Northwest Laboratory, RichTand, WA.

The cleavage surfaces of tetrahedrally-coordinated
compound semiconductors are known to undergo extensive
relaxations. These occur because of the possibility
bond-length-conserving top-layer rotations associated

with the existence of only three bonds for each surface
atom in the truncated bulk structure. In rutile structure
oxides (e.g., Sn0,, Ge0,, PbO,, Ti0,), however, the (110)
and (100) the cleavage Zurfac@s do ﬁot admit such bond-
length-conserving relaxations. A series of tight-binding
total-energy models which described quantitatively surface
relaxations on tetrahedrally-coordinated Zn0 has been
extended to encompass rutile structure oxides.
Calculations indicate that the (110) and (100) surfaces
are not predicted to relax. Detailed analysis reveals
that the absence of bond-length-conserving relaxations
which yield more stable distorted local coordination is
the reason for this behavior. This finding suggests
fundamentally greater surface stability for rutile oxides
relative to, e.g. wurtzite structure Zn0.

(1) C.B. Duke and Y.R. Wang, J. Vac. Sci. Technol. 8 6,
1440 (1988).

* Operated by Battelle Memorial Institute for the US
Department of Energy under Contract DE-AC06-76RLO-1830.
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C9.15

A CYCLIC-CLUSTER MINDOQ/3 COMPUTATION OF THE RE-
LAXED EQUILIBRIUM STRUCTURE AND VIBRTATIONS OF
THE HYDROGENATED SILICON (111) SURFACE. Peter Dedk,
Physical Institute of the Technical University of Budapest,
Hungary1521; Lawrence C., Snyder, Chemistry Depart-
ment, and Carlos O. Rodrigues, Physics Department, State
University of New York at Albany, 1400 Washington Av-
enue, Albany NY 12222,

We have employed a slab shaped cyclic-cluster contain-
ing 54 silicon atoms (surface unit cell is 3x3, width is 6
layers) covered by hydrogen atoms on both sides. We
used the Modified Intermediate Neglect of Differential
Overlap (MINDO/3) method to compute the relaxed equi-
librium structure. The resulting surface electronic struc-
ture and vibrational modes are discussed.

C9.16

STRUCTURAL AND ELECTRONIC PROPERTIES
OF SEMICONDUCTOR- METAL AND SEMICONDUCTOR-
INSULATOR INTERFACES AT MONOLAYER COVERAGE.
Stefano Ossicini, C.Arcangeli and O.Bisi, Dipartimento di Fisica,
Universitéd di Modena, 41100 Modena, Italy.

A theoretical study of the processes involved in the formation
of epitaxial interfaces between Si and metals/insulators has been
performed by the LMTO-ASA method, in a version suited to deal
with solid- vacuum interfaces [1]. The investigated systems in-
clude the interface formed by 1 monolayer of Na or Ca on Si(111)
and the adsorption of F on the Ca-Si(111) interface. The F-Ca-
Si(111) system is formed at the initial stages of the CaF,-Si(111)
interface formation.

The dispersion and the features of the metal induced interface
states at different adsorption gecmetries have been studied and the
effect of F interaction has been calculated. Our results provide an
explanation for the existing experimental data of Na-Si(111), Ca-
8i(111) and CaF;-Si(111) interfaces. The comparison with the
calculation of the corresponding bulk compounds points out the
features due to the interface.

{1] 8.0szicini aed O.Bisi, Surf. 3ci. 211/212, 572, 1989

C9.17

CALCULATIONS FOR MERCURY ADSORPTION ON COPPER.*

M. Karimi, Utica College, Physics Dept., Utica, N.Y. and
G. Vidali, Syracuse University, Physics Department,
Syracuse, N.Y.

We have calculated the interaction between an Hg atom and
a Cu(100) surface. We also calculated the interaction
potential for He on a Hg-plated Cu surface. Using recent
Helium beam scattering data (1), we are able to obtain
structural and dynamical information on a Hg layer on
Cu(100). Preliminary computer simulations will also be
presented.

1) G. Vidali, C.W. Hutchings, C. Moses, in preparation.
* Sponsored by NSF Grant #8802512 and Sloan Foundation
(G.V.)
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C9.18

DOUBLE CRYSTAL X-RAY DIFFRACTION MEASUREMENT OF A
TRICLINICLY DISTORTED AND TILTED Al,Ga,_,As UNIT CELL
PRODUCED BY GROWTH ON OFFCUT GaAs SUBSTRATES.
A. Leiberich and J. Levkoff, AT&T Bell Laboratories, Engineering
Research Center, Princeton, NJ.

Imporiant corrections are required for double crystal X-ray diffraction
characierization of epitaxial Al,Ga;_,As layers grown on offcut GaAs
substrates. These corrections can have technological impact for thin film
fabrication where precise and reproducible process control is required.
Double crystal X-ray diffraction measurements of epitaxial Al,Ga,_,As
grown on offcut (100) GaAs substrates are interpreted in terms of a triclinic
distortion of the film unit cell with concurrent unit cell tilt. The results
indicate that cell distortions and tilt angles oppose each other, but remain
approximately colinear with the direction of the offcut angle alignment.
Application of conventional formalism to this unit cell geometry can result
in significant errors for the measurement of the film's stoichiometry and can
lead to wrong assumptions about the epitaxial film's commensuracy. A
formalism is presented providing the correct crystallographic parameters and
fiim swoichiometry. The results of this analysis provide a2 fundamental
description of the epitaxial film/substrate crystal geometry valid for cubic
semiconductor heteroepitaxy on offcut substrates.

c9.19

A MECHANISM FOR SOLUTE SEGREGATION TO GRAIN BOUNDARIES
CHU Youyi and ZHANG Sanhong, The Nonferrous Metals Society
of China, 9 Xizhang Hutong, Xizhimennei Dajie, Beijing
100814, China

Boron is one of typical surface active solutes. Recently
it has been fouxd that there exist equilibrium and non-
equilibrium segregations of boron at austenite grain
boundaries after quenching from a high temperature, which
would give strong effect on the structures of the grain
boundaries and properties of the materials.

Based on the consideration of local equilibrium among
vacancies, solute atoms and vacancy-solute atom complexes,
a mechanism for solute segregation to grain boundaries
has been suggested for a alloy system with binding energy
of the complex » KT. By using Fick's Second Law and
Mass Conservation Law, a set of dynamic equations for
grain boundary segregation has been derived, vhich can
generally describe the dynamic process both .ncluding
equilibrium and nonequilibrium segregation, if the equili-
brium segregation is involved in the boundary condition.

Putting reasonable paraveters for boron in j-Fe and
w1yl vy the equations by computer, the boron segregation
at austenite grain bouxaries has been caculated as func-
tions of isothermal holding time, cooling rate and quen-
ching temperature, which agree well with the corresponding
experimental results.

C9.20

PHASE DIAGRAMS AND PHASE TRANSFORMATIONS FOR
GRAIN BOUNDARIES IN HEXAGONAL CLOSE PACKED
METALS. Kisoo Shin and A.H. King, Department of Materials
Science & Engineering, State University of New York at Stony Brook,
Stony Brook, NY 11794-2275.

In HCP materials, three dimensional CSLs are oan possible for
rational values of (c/a)?, except for rotations about the [0001] axis.
For real materials, which have irrational axial ratios, the concept of
the constrained CSL (CCSL) is introduced in order to describe the
structures of large angle grain boundaries. In earlier work, we have
shown that dislocation spacing in hifh angle grain boundaries should
change continuously as a function of misorientation and temperature
(since the latter afiects c/a). Because CCSLs occur in dense clusters
in misorientation space, the energy change associated with varying
dislocation densities can drive phase transformations which convert
the structure from one CCSL (or I-value) to another.

In this paper, we calculate the elastic energies of dislocation arrays in
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large angle grain boundaries in zinc, using a Read—Shockley approach.
For a fixed grain boundary plane, energy surfaces are constructed as a
function of temperature and misorientation. All possible diglocation
structures within a CCSL cluster are compared with each other,
eventually leading to a phase diagram for the grain boundary, in
misorientation—temperature space. We demonstrate that for certain
-1525 this approach should be entirely sufficient, because the grain
boundary "core energy" is invariant so the only effect is that of the
elastic energy of the dislocation array.

We present experimental evidence for an allotropic phase
transformation of a grain boundary at reduced temperature,
corresponding to our theoretical predictions.

Acknowledgement: This work is supported by the National Science Foundation
under grant number DMR—8901994,

Cc9.21

STRUCTURE OF PURE TILT AND TWIST BOUNDARIES -
GENERALIZATION AND COMMENTS ON THE
STRUCTURAL UNIT MODEL. M Khantha and V.Vitek,
Department of Materials Science and Engineering,
University of Pennsylvania, Philadelphia, PA 19104-
6272.

A systematic study of the structure of pure tilt boundaries
with titt axis [112) is carried out in a fcc, bec and simple cubic
crystal structure. A simple way of obtaining the delimiting angles
in a structural unit model (SUM) is presented and the results are
compared with those of computer simulation.

A systematic study of the structure of twist boundaries is
also carried out for a fcc crystal structure. The clusters pf
polyhedra that characterize a certain period vector are similar in
both pure tilt and twist boundaries. This observation help; to
identify the structure of filler units that are necessary in addition
to delimiting boundary units in twist boundaries. A po:-;snble way
of extending the SUM to other crystal structures is outlined.

C9.22
HIGH-RESOLUTION ELECTRON MICROSCOPY OF OLIVINE-
MAGNETITE INTERFACES. Stuart McKernan, C. Barry Carter,

Daniel Ricoult*, and A. G. Cullis**; Departiment of Ma}crials Science and
Engineering, Cornell University, Ithaca, NY 14853."Coming-Europe,
7bis Avenue de Valvins, AVON, F77210, France, * RSRE St. Andrews
Rd. Worcs. WR14 3PS

The oxidation of iron-rich olivine to produce magnetite is a model system
for the study of phase transitions involving mass transport. The two
structures (olivine and spinel) can be grown in orientations such that the
planar spacing for certain planes is nearly the same in both phases. The
oxygen sublattice of the two systems is continuous across the phase
boundary, although some slight displacement of the atoms occurs in the
wransformation from one phase to the other. The cation sublattice of both
structures contains many structural vacancies which facilitates the
movement of cations to the ransformation front. The transformation from
olivine to magnetite proceeds by the transport of Fe ions to the magnetite
particles, and the removal of Mg and Si ions away from the magnetite. A
knowledge of the interface structure and the structure of defects, such as
steps or ledges, on these interfaces is essential in determining the
mechanisms for the phase transformation in this model system.

HRTEM images have been obtained using a JEOL 4000EX from samples
of internally oxidized iron-bearing olivine. Needle shaped magnetite
precipitates are observed when the electron beam is oriented parallel to the
olivine [010) direction. The interface is found to be extremely sharp and
atomically flat. Steps on the interface are fn?uemly observed. Simulated
images of the interface have been calculated for several models using the
TEMAS progiarn. [hese results will be presented, and the companison
between the experimental and calculated images will be discussed.
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€9.23

ATOMIC SCALE STRUCTURE OF TWIN BOUNDARY IN Y-BA-CU-0
SUPERCONDUCTOR. Y. Zhu, M. Suenaga, Youwen Xu, and M.
Kawasaki* Department of Applied Science, Brookhaven
National Laboratory, Upton, NY 11973

*Jeol USA, Inc. Peabody, MA 01960

Direct structursl images of twin boundary have been
obtained in YBajyCu30;.5, YBaz(Cu 9g2n 2)307.5 and
YBajy(Cu_ggAl 02)307-.5 (5~0) superconducting ceramics by
high-resolution transmission electron microscopy. It was
found that the transition of the lattice planes of a twin
domain across a twin boundary involves a shifting of the
respective planes as well as a rotation across the bound-
ary.The transition takes place within approximately 10 to
30 A, which is considered as the twin boundary layer
thickness and is in good agreement with our previous value
of the twin boundary thickness estimated from measuring
thelength of the streak in the selected area diffraction
pattcrns.1 The difference of the twin boundary layer in
pure "123" and Zn and Al doped "123" will be reported. A
structure model of the twin boundary will alsc be
proposed. .

This research was performed under the suspices of the U.S.
Depait.nent of Energy, Division of Materials Science,
Office of Basic Energy Sciences under Contract No. DE-
AC02-76CH00016.

1) Y. Zhu, M. Suenaga, Y. Xu, R.L. Sabatini, and A.R.
Moodenbaugh, Appl. Phys. Lett. 54, 374 (1989).

C9.24

STRUCTURAL STUDIES OF A TYPICAL LAYERED SEMICONDUCTOR
(SqlnoZn) USING HIGH RESOLUTION ELECTRON MICROSCOPY AND
CONVERGENT BEAM ELECTRON DIFFRACTION. Dwight R. Acosta,
Instituto de Fisica, Universidad Nacional Aut3noma de Méxi-
co, A. P, 20-364, 01000 México, D. F., México. Mauro Bri-
cefio, Universidad de Los Andes, Facultad de Ciencias, Méri-
da, Venezuela.

SglngZn is a semiconductor material with a layered structu-
re similar to a mica obtained after chemical transport reac
tions for crystal growing. Its laminar configuration makes
the S4In2Zn and ideal material for electron microscopy stu-
dies: wide planar zones and very thin as required for con-
vergent beam electron diffraction and high resolution elec-
tron microscopy. SglnpZn crystallizes with an hexagonal
structure {a = 3.8%, C = 37.0R) but some times presents
rhombohedral structure and transform to a cubic one as tem-
perature is increased (around 400°C). We report in this
work electron microscopy measurements: thickness of layers,
crystalline potential and full symmetry using convergent
electron beam diffraction methods.

High rcsolution electron microscopy observations also were
carried out from very thin layers and a wide variety of
stryctural features were identified and characterized. Also
defects 1ike twins and dislocations were detected and quan-
tified in order to correlate with some physical properties
of Sqlnsin.

Optical diffractometry and image calculations were carried
out together with high resolutions imaging in order to com-
plete or corroborate information obtained from microscope
observations.

C9.25

EFFECT OF B, C, P AND S ON INTERGRANULAR COHESION IN
IRON. Genrich L. Krasko, Metals Research Branch, U.S. Armmy
Materials Technology Laboratory, Watertown MA 02172 and G. B.
Olson, Department of Materials Science and Engineering, Northwestern
University, Evanston, IL 60208

LMTO-ASA spin-polarized calculations were performed on a simplified

model of a (111) incoherent twin I3 grain boundary (GB) in 3CC iron .
The GB was modelled by 2 hexagonal 8-atom supercell, containing an
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impurity atom (B,C,P or S) in the center of a capped trigonal prism of Fe
atoms at the GB core. Contrary to earlier molecular cluster calculations, a
strong charge transfer in the direction of Fe was discovered.. The
Wigner-Seitz spheres of B,C, P and S lose respectively 0.47, 0.25, 1.60
and 1.47 electrons. The s-electrons of the impurity atoms form filled
bands separated from the valence bands (for B the gap is very small),
while the p-clectrons strongly hybridize with s-, p- and d- electrons of the
nearest Fe atoms. As a result of this charge redistribution, strong ionic
components are formed in Fe-P and Fe-S bonds. For B and C these are
much weaker, the main bonding being covalent and metallic. The number
of electrons occupying antibonding states increases steadily on moving
from B to S. The magnetic moments of the Fe atoms nearest to the
impurity are decreased. For B,C.P and S they are respectively 2.07, 1.88,

1.12 and 1.09 py/atom , while the magnetic moment of a bulk Fe atom in
the BCC lattice is 2.24 pg/atom This behavior is being compared with that
of the corresponding (111) free surfaces in order to deduce the electronic

basis of the influence of these impurities on the work of grain boundary
separation.

C9.26

MODELING OF NANOPHASE CONNECTIVITY IN SUBSTANCE
-VOID COMPOSITE BY OBLIQUE DEPOSITION. Tomoyoshi

Motohiro, S. Noda, A. Isogai and 0. Kamigaito,
Toyota Central Res., & Develop. Labs., Inc.

Nagakute-cho, Aichi-gun, Aichi-ken,480~11,Japan.

Obliquely vapor deposited thin film is charac-
terized by its unique inclined columnar struc-
ture. Recently one of the authors developed
thin film optical quarter-wave plate by oblique
deposition [1]. SEM observation revealed the
inclined columns of ~10 nm in diameter and ~3
microns in length. 1Its birefringence indicates
those columns are less closely spaced in the
plane of vapor incidence (PVI) than normal to
PVI, composing alternatively stacked substance
layer (columns laterally connected with each
other)-void layer(residual space) nanophase com-
posite with 2-2 connectivity(2]. The growth
mechanism of the inclined columnar structure has
been successfully explained by the self-
shadowing effect in 2D-space computer simulation
in PVI[3]. However, the connectivity development
perpendicular to PVI is not self-evident. In the
present work, we performed simple 3D-space simu-
laiizn of oblique depositipon and observed
substantial feature of the connectivity develop-
ment and related features on this nanophase
structure.

1.T.Motohiro and Y.Taga, to be appeared in
Applied Optics-July 1,(1989).

2.R.E.Newnham, D.P.Skinner and L.E.Cross, Mat.
Res. Bull., 13, 525(1978). Pergamon Press,USA.

3.D.Henderson, M.H.Brodsky and P.Chaudhari,
Appl. Phys. Lett. 25, 643(1974).

c9.27

DEFECT EVOLUTION IN Al/Cu and Al/Ni BILAYERS DURING
ANNEALING. DBent Nielsen, S. M. Heald, W. Triftshaliser*,
K. G. Lynn, E. DBarrera, and J. Jayanetti, Materials

Science Division, Brookhaven National Laboratory, Upton,
NY 11973,

*Universitet der Bundswehr, Neubiberg, FRG.

Thin bilayers of Al/Cu and Al/Ni were grown by evaporation
on Si0y at ~300 K. A variable snergy positron besam was
utilized to probe the defect structure in the as grown
layers and subsequently after heat treatment leading to
significant interfacial reaction. The results strongly
indicate that after the heat treatment microvoids are




. —

formed in the Cu in the Al/Cu system and in the Al in the
Al/Ni system.

This work was supported by the U.S. Department of Energy,

Division of Materials Sciences, under Contract No. DE-
AC02-76CHO0016.

c9.28

NANOLAYER REACTIONS IN ALUMINUM-METAL INTERFACES.

E. V. Barrera, M. W. Ruckman, and S. M. Heald, Brookhaven
National Laboratory, Upton, NY 11973.

Surface Extended X-ray Absorption Fine Structure (SEXAFS)
measurements on the nanometer level were made for Al/M
interfaces where M was Cu, Cr or Ni. The samples were
studied immediately after deposition and measurements were
taken while varying thickness and after heat treatments,
Significant differences in interface reactions were
observed depending on deposition direction (Cu on Al or Al
on Cu) and the amount of mixing was also related to
whether M was Cu, Cr or Nf., The heat treatments further
jdentified which interfaces were the mors reactive. The
SEXAFS measurements revealed that' there were no detsctable
C or O present, suggesting that the interface structures
were Al-M reactions and not associated with impurity
affects. The results obtained from the as-deposited
interfaces correlated well with data obtained from buried
interfaces of like element combinations.

This work was supported by the U.S. Department of Energy,
Division of Materials Sciences, under Contract Nos.
DE-AS05-80ER10742 and DE-AC02-76CH00016.

c9.29

INTERFACIAL STRUCTURE OF Er03 PRECIPITATES IN TITANIUM
AND Ti-37A1.% Daniel S. Schwartz, McDonnell Douglas
Research Laboratories, St. Louis, MO; Shankar M. L.
Sastry, McDonnell Douglss Research Laboratories, St.
Louis, MO; and P. Fraundorf, University of Missouri-St.
Louis, St. Louis, MO.

High-resolution trensmission electron microscopy was used
to study the structure of interfeces between Ery04
precipitates and titanium alloy mstrices at different
stages in the growth of the precipitates. Rapid-
solidification processing was used to create a metastable
solid solution of 2 wt. I Er in both pure titanium and
titanium 37 wt. % aluminum. Subsequent annealing causes
the Er to scavenge O froam the surrounding matrix and form
a fine, mechanically beneficial dispersion of spherical
Erz03 precipitates, evenly distributed throughout the
matrix. In the early stages of growth, the precipitates
are found to be semi-coherent with the matrix in both
alloys examined. Growth of the precipitates was
controlled through the use of in situ heating, and the
evolution of interfacial structure was traced as a
function of precipitate sise in the titanium and Ti-37Al
wmatrices. Finally, the precipitate-matrix interfacial
structure in pure titanium was compared to that inm Ti-
37A1.

*This work was supported by the Air Force Office of
Scientific Research under Contrsct No. F49620-86-C-0108.

C9.30

HIGH-RESOLUTION ELECTRON MICROSCOPY OF
INTERFACES IN AIN-BRAZE METAL ALLOY SYSTEMS.
A. H. Carim, Center for Micro-Engineered Ceramics & Depaniment of
Chemical and Nuclear Engineering, University of New Mexico,
Albuquerque, NM 87131.

An understanding of bonding between ceramics and metals requires
knowledge of the interfacial structures that are present. In the work
described here, the microstructural aspects of active brazing of AIN with
a Ag-Cu-Ti alioy have been investigated. A series of reaction product
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layers are formed. TiN is produced in contact with the polycrystalline,
bulk AIN. High-resolution transmission electron microscopy and
microdiffraction demonstrate that some of the TiN grains at the interface
display specific orientation relationships with respect to the adjoining
AIN crysallites. As has sometimes been observed in studies of epitaxy
in other systems, these relationships are not necessarily those that
provide the minimum geometrical mismatch between one or more sets of
lattice planes. Farther from the substrate, an 7)-type nitride phase with
composition (Ti,Cu,Al)¢N occurs as a reaction product. High-resolution
images confirm the absence of amorphous or crystalline intervening
phases at the TiN-1 interface and at 1 grain boundaries.

€9.31

ATOMIC STRUCTURE OF CRYSTALLINE BORON NITRIDE
INTERFACES WITH CERAMIC SUBSTRATES.* L. F, Allard, High
Temperature Materials Laboratory, Oak Ridge National Laboratory,
Oak Ridge, TN 37831; A. K. Datye and R. T. Paine, Center for
Micro-Engineered Ceramics, University of New Mexico,
Albuguerque, NM 87131.

Recent work has shown that BN prepared from polymeric
precursors yields a pre-ceramic phase that melts below 1200°C.
The BN polymeric melt can be applied to ceramic substrates to
form thin, adherent, crystalline coatings. The structures of the BN
ceramic coatings and BN/oxide substrate interfaces {such as
BN/AI;O3, BN/MgO and BN/TiO;) have been investigated using

submicron particles of simple geometry as model substrates.
Using these model systems, all interface orientations that are
thermodynamically stable can be studied using a single sample by
high resolution TEM. Preliminary results indicate that the BN
crystallizes in a hexagonal modification, with the BN basal plane
always parallel to the oxide surface. Comparison of experimental
images with calculated images permits determination of atomic
structure at these ceramic-ceramic interfaces.

‘Research sponsored in part by the U.S. DOE, Assist. Sec. for
Conservation and Renewable Energy, Office of Transportation
Systems, as part of the High Temperature Materials Laboratory
User Program, under contract DE-AC05-840R21400 with Martin
Marietta Energy Systems, and by the Center for Micro-Engineered
Ceramics, University of New Mexico

C9.32

SIMULATION AND QUANTIFICATION OF HIGH RESOLU-
TION Z-CONTRAST IMAGING OF SEMICONDUCTOR INTER-
FACES. David E. Jesson, S. J. Pennycook, and M. F. Chisholm,
Oak Ridge National Laboratory, Oak Ridge, TN 37831.

Z-contrast STEM is a new technique for high-resolution electron
microscopy giving images characterized by strong chemical
sensitivity, high localization, and an incoherent character.
There are no contrast reversals with defocus or sample thickness
and no Fresnel fringe effects at interfaces, so that rigid shifts are
independent of thickness and defocus. These characteristics arise
from allowing only highly localized electron scattering to
contribute to the image, so only the electron intensity close to
the atom strings is important. It becomes very clear how these
incoherent characteristics arise using a Bloch wave description
since the dominant contribution to the image comes from the
thickness integrated 1s state intensity. As a consequence, Z-
contrast images may be predicted intuitively and simulated to
high accuracy on a small computer. These calculations also
demonstrate the strong localization of the image. Each atomic
column is imaged practically independent of its neighbors,
allowing "column by column” compositional mapping of
interfaces. The implications of higher accelerating voltages for
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improved resolution and localization are discussed.

*Research sponsored by the Division of Materials Sciences, U.S.
Department of Energy under contract DE-AC05-840R21400 with
Martin Marietta Energy Systems, Inc.

C9.33

SIMULATED IMAGE MAPS FOR USE IN EXPERIMENTAL
HIGH-RESOLUTION MICROSCOPY. M,A, Q'Keefe and U.
Dahmen, National Center for Electron Microscopy,
Lawrence Berkeley Laboratory, University of California,
Berkeley, CA 94720.

The variation of high resolution image contrast as a
function of thickness and defocus for a given material can
be plotted in a composite simulated image. Such
simulations are useful as guiding maps during
experimenta!l high resolution microscopy. The use of
these maps makes it possible to locate optimum imaging
conditions even at foil thicknesses beyond the thin phase
object limit. For perfect periodic crystals the contrast
conditions repeat with thickness and defocus. The Fourier
image distance 2d2/A for a crystal with period d is small
enough to limit the size of a useful map to an array of
about ten 100A defocus steps by ten 20A thickness steps
(depending on extinction distance). However, due to their
large period, defects such as grain boundaries have a
much larger Fourier image distance. The image
characteristics of a through-focus through-thickness map
are thus particularly useful in optimizing defect contrast
during operation of the microscope. Typical features of
these maps and examples of recent applications at the
NCEM will be discussed. This work was supported by the
Director, Office of Energy Research, Office of Basic Energy
Sciences of the 1].S. Department of Energy under contract
#DE-ACO03-76SF00098.

C9.34

LAYER CONTRAST IN
STUDIED BY TEM
C.1.Kicly, Depantment of Materials Science and Engineering, University of
Liverpool; K.C.Hseih, Department of Electrical Engineering, University of
lllinois at Urbana-Champaign; A. Rockett, Department of Materials
Science, University of lllinois at Urbana-Champaign.

InAs / GaAs SUPERLATTICES

Transmission Electron Microscopy studies have been carried out on a series
of InAs / GaAs strained layer superlattices and effects such as anomalous
layer contrast and assymmetries in interfacial sharpnesses have been
observed. The technique of using (200) structure factor contrast for imaging
layers in this systern has been considered in detail since the layers exhibit
contrast opposite to that pred:cted by kinematical theory. Using a theoretical
Bloch wave approach we have sysiematically assessed the relative
contributions to the layer contrast of factors such as (1) structure
amplitudes, (2) absorption coefficients and Debye-Waller factors, (3)
tetragonal distortion, (4) strain relief by misfit dislocations, (5) slight layer
misorientations and (6) thin specimen surface relaxation effects. These
results will be discussed fully and comparisons will be drawn from
observations and calculations on the closely lattice matched AlAs / GaAs
superlattice system.

The thermal stability and interfacial abruptness of InAs / GaAs SLS's
grown by MOCVD as a function of growth temperature have been studied.
Abrupt, symmetric interfaces are obtained at low growth temperatures
(6259C) whereas more diffuse, assymmeuic composition profiles are
observed for those grown at high temperatures (8 . This assymmetry
occurs during growth and is not a result of bulk interdiffusion at elevated
temperatures, as cvidenced by analysis of samples grown at low
temperatures and anncaled at higher emperatures.
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C9.35 ABSTRACT NOT AVAILABLE

C9.36

PLATINUM SILICIDES F! W THERMAL
PROCESSING %R SCBOTg BA&';IEEDW.
V.E. Borisenko,Minsk Radioengineering inst tute,
P.Brovka 6,220600 Minak, USSR.

Platinum silicides were formed by rapid thermal
processing of 35-45 nr platipun films depesited
onto monoarystalline (111) phosphorus doped
(221014 at/omd) silicon substrates. Incoherent
lights were used to process the samples for § -
30 s at irnduced temperatures ranging from 300
to 10500C Schottky barrieras with the active
arsa of 500 mm? were formed.

Phase composition and structure silicide layers
were studied by RBS and TEM. I-V characteriatics
of Bohottky barriers were measured. B8ilicide
phases appear after processing at 400 - 48500C,
The silicide layer growth follows parabolic ki-
netics ocharacterized by the growth rate
v=0.021lexp(-1.0/kT) omt /s at 400 - 600¢C when
both PtiSi and PtSi{i were detected and
v=0.014exp(1.1/kT) cmi/s at higher temperatures
when only PtSi was formed.

The activation energy of reorystallization waa
estimated to be 0.75 eV. The mechanism of the
recrystallization was predominantly ooalisoenced.

Tha 2ghotthky barriers were characterised by the
haight of 0.65 - 0.88 oV and ideality factor of
1.04 - 2.86.

C9.37

XPS ANALYSIS OF THE CHEMISTRY OF THE SAP-
PHIRE SURFACE AS A FUNCTION OF HIGH TEMPERA-
TURE VACLXM ANNEALING.  Eliezer Dovid Richmond,
Naval Research Laboratory, Code 6816, Washington D.C.
20375~5000.

This represents the first XpS chemical analysis of the
effects of in-situ high temperature vacum annealing of
(1102) sapphire substrates. Previously, the effects of high

Preliminary IFED results will be presanted to investigate
an acoonpanying reconstruction of the surfaoce.

1, J.G. Fellegrino, E.D. Richmond, and M. Twigg,
Materials Ressarch Society Proc., vol. 116, p.395, 1968;
Eliezer D. Ridmond, this conferencs, Session D.

2. E.D. Ridmomd, S, Quadri, A. Rudeon, M. Tvigg,
N. Grean, III International Si MBE Symposium, 30 May - 2
June 1969, Strasbourg France,
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C9.38

INFLUENCE OF PLASTICITY IN ADHESIVE BOND STRENGTH
MEASUREMENTS USING SHOCK WAVES. Gerald L. Nuyttand William
Lai, Lawrence Livermore Narional Laboratory, P. O. Box 808, Livermore,
CA 94550; and Kenneth E. Froschner, Martin, Froschner, and Associates, P.

0. Box 17, Livermore, CA 94550.

We have developed a method of measuring the bond strength of mezal/
ceramic interfaces using a novel technique that employs shock waves 1o
exfoliate metal films from ceramic substrates. The shock is generated by a
magnetically accelerated projectile incident on a buffer material, which is
used to adjust the amplitude and shape of the incident compressive wave. The
buffer is coupled to the ceramic substrate. The compressive shock is phase
shifted after reflection from the metal surface and becomes a triangulartensile
pulse. When the tensile pulse passes through the metal/ceramic interface, and
if the amplitude is sufficient, the metal fiim will spontaneously exfoliate from
the substrate. Experimentally, measurements are taken of the free surface
velocity of the spalled film using laser interferometry. The bond strength of
the interface can be calculated based on the measured free surface velocity.

Inthis work, it was assumed that during the transit of the shock and rarefaction
waves the material on either side of the interface did not reach the plastic state.
We have attempted to verify this using transmission electron microscopy to
measure the dislocation density near the interface before and after the spall
process. We also report results of bond strength measurements on Ni/

sapphire interfaces.

C9.39

ORIGIN  OF ATOMIC RESOLUTION IN  SCANNING
TUNNELING MICROSCOPY (. lulian Chen, IBM Rescarch Divi-
sion, T.1. Watson Rescarch Center, P.(). Box 218, Yorktown Ilcights,
NY 10598,

Scanning tunncling microscopy (STM) has demonstrated true
atomic resolution, . e., 2-4 A lateral resolution, on a number of
solid surfaces. The abserved resolution is far beyond the expec-
tation of some well-known theorctical models of STM, for exam-
ple. the s-wave theory of STM, i. ¢, based on consideration of
local density of states (LDOS) of the sample, and the singlc-atom
imaging modcl. In this paper, it is shown that truc atomic resol-
ution in STM originates from localized p, or d; states on the apex
atom of the tip. Associated with thesc tip states, the tunncling
matrix elements beccome proportional to the derivatives of sample
wavefunction, i. e., /32 and 9%/dz? etc., rather than its am-
plitude.  This results in much greater corrugation amplitudes
than those of LDOS. The new theory is able to explain a large
number of experimental resuits and provides insight into the ori-
gin, meaning and tip requirements of atomic-resolution STM.

Cl0.1

INTERFACE STRUCTURES AND THEIR DEFECTS IN
CoS5iy/Si: DISLOCATIONS, DISCLINATIONS AND A THIN-
FILM PHASE TRANSFORMATION.

D. ). Eaglesham, R.T. Tung, S.M. Yalisove, R.L. Headrick, and
1.K. Robinson, AT&T Bell Laboratories, 600 Mountain Avenue,
Murray Hill, N] 07974.

The interface structures and interfacial defects in CoSi2/Si
heteroepitaxy have been the subject of intensive study for over
a decade now, but the system continues to provide us with
surprises. Here we will present the results of a study of the
novel CoSi2/5i(110) interface, and revisit the much-studied
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CoSiz/Si(111).

Although a large number of different silicide-silicon interfaces
have been studied in the past, CoSi2/Si(110) differs
crystallographically from all previously studied systems.
Whereas for (111)B interfaces a twinning 1/6<211> dislocation
is needed to produce a step in the interface, and (100) interfaces
require a 1/4<111> dislocation at a step on the Si surface, the
1/4<111> vector lies within a (110) interface, so that steps on
the (110) surface are related by 1/2<110>, but there are two
inequivalent interfaces on a given surface. The consequences
of this symmetry for the (110) defect structure are described.

For CoSi2/5i(111)B we describe a phase transformation into a
low-symmetry structure for both the epilayer and the interface.
The temperature at which low-symmetry films transform into
the cubic silicide varies between =400°C and ~150K, depending
on the film composition and thickness. The low-temperature
form does not correspond to any bulk phase of silicide and
appears to be driven by the strain and interfacial free energy
present in the thin film.

Cl10.2

ATOMIC STRUCTURES AT CoSis/Si (111) AND CoSi/Si (111)
INTERFACES. A.Catana, P.E.Schmid and *P.Stadelmann, Insti-
tute of Applied Physics,*Institute of Electron Microscopy, Swiss
Federal Institute of Technology, 1015 Lausanne, Switzerland.

CoSiy/8i (111) interfaces have been prepared by annealing of a
UHYV evaporated, Co layer at 400, 500, and 900°C for a few sec-
onds. At low temperatures (400°C), the silicidation yields CoSi
which is found to grow epitaxially on silicon. CoSi,/Si (111) and
the more complex CoSi/Si (111) interfaces are therefore well suited
for the study of fundamental questions related to the interface com-
position and bonding configuration. At the same time, they offer
the opportunity of studying atomic scale changes at interfaces in
relation to the CoSi-CoSi, phase transformation.

Results are presented of a detailed high resolution study of both
interfaces. Thin samples were prepared by conventional thinning
techniques, as well as by cleavage of wedges. The second technique
offers some advantages over the classic one such as the absence
of ion-induced artefacts and a straightforward determination of
sample thickness. Investigations were performed along both [110]
and [{112] silicon axes. The image contrast at the interface was
analyzed using image simulations. Various bonding models are
discussed and compared to experimental images. As a result, we
show the occurence of the sevenfold ccordination of Co atoms at
both A and B type interfaces. This is the first evidence of this
interface geometry for CoSi;, others reports being in favor of Co-
Si bonds and a 5-fold or 8-fold Co coordination.

C10.3

MICROSTRUCTURAL ASPECTS OF AMORPHOUS NICKEL
SILICIDE FORMATION IN EVAPORATED Ni-Si MULTILAYERS.
Karen Holloway, IBM Thomas J. Watson Research Center, Yorkiown

Heights, NY 10598

The formation of very thin (1-2 nm) amorphous intermixed layers at
metal-silicon interfaces, and their growth at annealing temperatures below
thosc at which crystalline silicides nucleate have attracted attention in recent
years. This process constitutes the carliest stage of metal-silicon reaction in
some systems, so its study is vital 1o the understanding of the formation of
metal silicides for application in integrated circuits. Furthermore, as the
growth of crystalline metal silicides has been extensively investigated, a
knowledge of these systems can be applied to understand the process of
diffusion by which these disordered layers expand. For example, the crys-
talline Ti silicides grow through the transport of silicon. The location of
voids which appear during amorphization in Ti-Si multilayers suggest that
this probably also proceeds via Si mobility. As Ni diffuses during the
growth of nickel silicides, a study of the Ni-Si system complements those
already performed on Ti-Si. To this end, the growth of thin interfacial
amorphous nickel silicide layers in evaporated Ni-Si mulilayer films of
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various bilayer thicknesses has been investigated using cross-section trans-
mission electron microscopy. This work focusses on the microstructure
which evolves on rapid thermal annealing at temperatures low enough to
suppress complete crystallization of the amorphous silicide (150-250°C).
Crystalline Ni,Si nucieates carly in the reaction, forming a planar layer be-
tween the elemental nickel and the growing amorphous alloy. The forma-
tion of Kirkendall voids does not occur until the Ni is consumed by the
crystalline silicide. These observations will be compared with the quite dif-
:’crem microstructure which evolves during amorphization in Ti-Si multi-
ayers.

Cl0.4

. )

PHASE FORMATION IN NI/SI(111 ). J. R. Butler,
X. Tong and P,_A. Benneft, Department of Physics,
Arizona State University, Tempe, Arizona 85287.

We show that numerical Auger lineshape analysis can
quantitatively separate coexisting phases occuring in
the thermal (contact) reaction of 0 - 30 nickel
overlayers on Si(111). Measured Si LVV spectra are fit
as linear combinations of measured “fingerprint®
spectra for NiySi, NiSi and NiSi; obtained by scraping
bulk alloys in situ. We find that nickel reacts at room
temperature to form NisSi for all coverages from 0 to ~

12 A, at which point this reaction saturates, and pure
nickel forms. We also find a cap of silicon on the A-
type NiSip structure, but not on the B-type when these

are annealed at 500 C. Finaily, NiSi forms at 300 C and
coverages above 15 A, but not at lower coverages. We
present the data as a coverage vs. temperature kinetic
phase diagram that provides a comprehensive view of
phase formation in this ultrathin film system, and
bridges a gap between monolayer and conventional
(1000A) thin film studies. By extrapolating from
1000A film results, we can quantify a switch fram bulk
to surface diffusion and observe a variety of free
energy and strain contributions to the nucleation rate
for NiSi, formation.

C10.5

X-RAY ABSORPTION STUDIES OF TITANIUM SILICIDE
FORMATION AT THE INTERFACE OF Ti DEPOSITED ON Si.*
David Aldrich, Q. Islam, H. Jeon, R. Nemanich, and D.E. Sayers,
North Carolina State University, Raleigh, NC 27595-8202

X-ray absorption measurements have been performed on the Ti K-edge
for a series of titanium silicide samples. The samples were fabricated by
depositing Ti on silicon wafers and subsequently annealing them up to
temperatures from 100 to 900°C in UHV and Nitrogen. Measurements
were done in the fluorescence and total electron yield modes at the X-11A
beam line at the National Synchrotron Light Source. Using the different
data collection techniques it is possible to examine the structure of the
sample in different regions. Both EXAFS and near edge spectra
(XANES) were acquired and analyzed. Comparisons with standard
compounds have been made with the near edge data. The EXAFS data
were analyzed using reference compounds. The XANES data showed a
high sensitivity to changes in the film structure. Ti meallic bonding and
Ti-Si bonds can be distinguished and their evolution traced as a function
of annealing. The absorption spectra of samples annealed under N3 are
significantly different, indicating the possible presence of nitrides.
Results are related to Raman and other measurements of the reaction
process.

* Supported by the Dividion of Materials Science of the Department of
Energy under contract DE-AS0S-80ER 10742

C10.6

SILICIDE FORMATION AND THERMAL STA-
BILITY OF Ni/Si/GaAs INTERFACES.

Y. Yamamoto, K. Ishibashi, Res. Cntr. of lon Beam Tech., Hosei
Unpiv., Tokyo, Japan; S. Suzuki, Adv. Mat. Lab., Sohka, Japan;
T. E. Shim !, Waseda Univ., Tokyo, Japan.

Silicon and/or Ni were vacuum evaporated onto (100) GaAs. Inter-
diffusion and silicide formation processes in the system upon annealing
were investigated using AES and X-ray difractmetry.

Thicknesses of Ni and Si were varied to examine how the interface
reaction related to the relative amount of Ni to Si; (1) Si(1000 A)/GaAs,
(2) Ni( 700 A)/GaAs, (3) Ni(700 A)/Si(1000 A)/GaAs, (4) Si (1000
A)/Ni(2000 A)/GaAs, and (5) Ni(2000 A)/Si( 1000 A)/GaAs.

AES mesurement revealed that a Si/GaAs interface of sample (1) was
stable after annealing &t 850 C for 30 min. When the relative amount of
Ni to Si is unity as sample (3), stable NiSi was formed and no reaction
to GaAs was observed after annealing at 500 C for 2 hour.

When Ni was directly atatched to GaAs, appreciable interdiffusion
of GaAs and Ni was observed (samples (2), (4)), but in sample (4) Ga
and As did not diffuse into the Ni,Si surface layer at 500 C.

In the case that Ni was the outermost layer of which amount was in
excess of Si as sample (5), the system was quite unstable at the same
temperature; no clear silicide phase, no distinct interface, oxidation of
the surface Ni layer.

!Present address: Samsung Electronics, Seoul, Korea

Cci1.1

FRACTIONAL ATOMIC PLANES IN GaAs/A% As SUPER-
LATTICES AND THEIR RELATIONSHIP TO INTERFACIAL
ROUGHNESS. lvan K, Schuller, Physics Departument B-019,
University of California, San Diego, La Jolla, CA.; M.
Grimsditch, Material Science Division, Argonne National

Labs., Argonne, IL.; F. Chambers, G. Devane, Amoco

Research Center, Naperville, IL.; H. Vanderstraeten, D. Neerinck,
J.-P. Locquet and Y. Bruynseraede, Physics Department,
Katholieke Universiteit Leuven, B-3030 Leuven, Belgium

We have grown high quality GaAs/A% As superlattices with
non-integral number of atomic planes in each layer of a
superiattice. Diffraction studies of these superlattices show
unusual structure, characteristic of the non-integral

character of the superiattice, which may even be incommensurate.
The results are in good agreement with structure factor
calculations and show that this type of roughness cannot be
determined by local measurements which only probe the
structure of & single interface.

Work supported by the U.S. Department of Energy,

Grant # DE FG03-87ER-45332 (at UCSD), Contract

# W-31.109-ENG-38 (at ANL), the Belgian Inter-University
Attraction Poles (TUAP) and Concerted Action (GOA)
programmes. International travel was provided by NATO.

Cll1.2

STUDY OF INTERFACIAL SHARPNESS AND GROWTH

IN (AlAs). / (GlAs)n SUPERLATTICES

W. Tseng, S. Prokes, M. Fatemi, B.V. Shanabrook,
B. Wilkins and H. Dietrich

Naval Research Laboratory, Washington DC, 20375

A detailed investigation of x-ray diffraction
has been made on (AlAs), / (GaAs), superlattices
grown by three MBE techniques; normal growth,
interrupted growth and atomic-layer-epitaxy
(ALE). Theoretical simulations of the x-ray
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diffraction scans have also been made to
interpret the experimental data, in particular,
the interfacial sharpness. Results indicate a
roughness of three monolayers at the interface
for normal growth conditions. The ALE growth
gives improved interfacial sharpness, due to
more precise control of shutter at slower growth
rates and reduction of substrate temperatures
during growth.

C11.3

A WEAK BEAM IMAGING TECHNIQUE FOR THE
CHARACTERISATION OF INTERFACIAL ROUGHNESS IN
(InGa)As/GaAs STRAINED LAYER STRUCTURES  Yaol.Y.
Andersson T. G. and Dunlop G. L. Department of Physics,
Chalmers University of Technology, 5-412 96 Goteborg,
SWEDEN

A weak beam imaging technique in transmission electron
microscopy (TEM) has been developed for the characterisation of
interfacial roughness in lattice strained (InGa)As/GaAs multiple
layered structures. In this technique, the heterointerfaces of (100)
type strained layers are imaged in an inclined projection with a
gan diffracted reflection at off-Bragg conditions. It was found that
the contrast that arose from variations in strained layer
thickness was significantly increased in this imaging mode.
Rough interfaces that resulted from growth in either a two or a
three dimensional growth mode via island formation were
observed. The interfacial roughness in terms of variations in
strained layer thicknesses on a monolayer scale was imaged. The
resolution of contrast in the plane of the interface was better
than 10 nm. Such contrast improvement was attributed mainly
to the enhancement of the contribution of diffracted electrons
from the strained layers to the image. A theoretical calculation
based upon kinematic theory was made in order to gain a better
understanding of the contrast in this weak beam imaging mode.
In principle, this imaging technique can be applied to other
strained layer heterostructures.

Cl1.4

THE OBSERVATION OF SURFACE ROUGHENING ON ALUMINUM USING
OPTICAL SECOND-HARMONIC GENERATION.* S. Janz, K. Pedersen,
H. van Driel, University of Toronto, Toronto, Ontario;

and R. Timsit, Alcan Research and Development Centre,
Kingston, Ontario, Canada.

We report the use of optical second-harmonic generation
(SHG) as an in situ probe of thermally induced changes in
surface morphology. An incident beam from a synchronously
pumped dye laser operating at a wavelength of 580 nm with

a 3 picosecond pulse width was used to generate second-
harmonic light at atomically clean Al (100), (110), and
(111) surfaces. The SH light was collected using
conventional photon counting techniques. As the temperature
of the samples was ramped from room temperature to 620° C,
the SH intensity increased dramatically at specific
temperatures dependent on the crystal face. The SH
intensity jumps occured at 450° C for the (111) face, at
560° C for the (110) face and at 580° C for the (100) face.
After the samples were quenched to room temperature, the
SH signal decayed back to its initial value with a time
constant of approximately 15 minutes. We interpret the
rise in SH intensity as being caused by surface roughening
due to a proliferation of steps as the temperature is
increased beyond the roughening temperature characteristic
of the crystal face. The decay of the surface roughness
after quenching proceeds via a relatively slow self-
diffusion process. The effect of surface morphology on
optical SHG and its potential applications will be
discussed.

* This work supported by the Natural Science and Engineer-
ing Research Council, the Ontario Laser and Lightwave
Research Centre, and Alcan.
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Cl1.5

INTERFACIAL STABILITY AND INTERDIFFUSION EXAMINED
AT THE ATOMIC LEVEL Y. Kim, A, Ourmazd, and JA
Rentschler, AT&T Bell Labs, Holmdel, NJ 07733, and R. J. Malik,
AT&T Bell Labs, Murray Hill, NJ 07974,

Modern crystal growth produces interfaces across which only the
composition changes precipitiously. Such systems are far from
equilibrium and can relax by the introduction of extended defects, or
by chemical interdiffusion. Here we investigate the chemical
relaxation of interfaces, caused by interdiffusion between lattice-
matched semiconductors.

Using chemical lattice imaging in combination with vector pattern
recognition, we obtain quantitative profiles of the chemical change
across single interfaces with atomic plane resolution. We thus study
interdiffusion across single GaAs/AlGaAs interfaces as a function of
temperature, depth of interface beneath the surface, and doping.
Since our technique is sensitive to interdiffusion coefficients as small
as 102¥cm? /s, we can study atomic level changes at a single interface
at the low temperatures used for many device processing steps (~700
C). Our results show interdiffusion, and hence the layer stability
depend not only on temperature and doping, but also on the distance
of the interface from the surface. The implications of these results for
the stability of multilayered structures are discussed.

Cll.6

ATOMIC STRUCTURE AND CHEMISTRY OF INTERFACES
DETERMINED BY Z-CONTRAST STEM. M. F. Chishoim, S. J.
Pennycook, and D. E. Jesson, Oak Ridge National Laboratory, Oak
Ridge, TN 37831

The technique of Z-contrast STEM provides a fundamentaily
new and powerful approach to determining the atomic scale
structure and chemistry of interfaces. In this paper we have
applied the technique to a number of technologically important
interfaces, including the direct imaging of interdiffusion in
ultrathin (SimGen)p superlattices, and the direct imaging of an
interface reconstruction at a silicide/silicon interface. Since no
contrast is seen within an amorphous layer, the technique is also
a powerful way of studying amorphous/crystalline interfaces.
Examples will be shown of Ge/SiO; interfaces produced by fon
implantation and oxidation, 5i/SiO; interfaces produced by
oxidation, and the solid phase epitaxial growth front in ion-
implanted, thermally annealed Si.

*Research sponsored by the Division of Materials Sciences, U.S.
Department of Energy under contract DE-AC05-840R21400 with
Martin Maristta Fnergy Syctems, Ine

Clz2.1

THE USE OF FRESNEL CONTRAST TO STUDY THE INITIAL
STAGES OF THE in situ OXIDATION OF SILICON. E, M, Ross and W.
M. Stobbs, Department of Materials Science and Metallurgy, Pembroke
Street, Cambridge CB2 3QZ, UK; and J. M. Gibson, AT&T Bell
Laboratories, 600 Mountain Ave., Murray Hill, NJ 07974,

The interface between silicon and its oxide has been studied extensively at
different stages of growth using a variety of powerful analytical techniques.
It has become clear that in order to understand the kinetics of thin oxide
growth and the structure of the S/SiO; interface, compositional information
1s required at atomic resolution to complement the interesting structural
results already provided by high resolution electron microscopy.
Unfortunately data is difficult to obtain at adequate resolution with
techniques requiring a focussed probe because of the problems of beam
broadening and damage to the oxide. However past analysis of oxides
viewed edge-on in a conventional electron microscope has been
accomplished by a different approach: utilising the sensitivity of the Fresnei
contrast seen along a S$i/5i0; interface to the composition change occurrin
at the interface. Information is extracted by matching the experimen
fringes in low resolution defocused images to simulations from a simple
computer model. This method has been used to determine the sharpness of
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the Si/Si0; interface and to demonstrate changes in the relationship between
the compositional and structural changes which both occur at the interface.
The resolution achieved was sufficient to suggest a change in the oxidation
kinetics between the ultra-thin (<3nm) and thin (3-30nm) growth régimes.

The weakness of this past work has been the uncertain nature of the initial
silicon surface and damage associated with foil thinning. In the present
study, rather than analysing formed oxides we describe observations of the
growth in siru of oxide on a clean silicon surface in a microscope modified
for ultra high vacuum. By analysing the Fresnel contrast along the edge of
faceted regions of the specimen, compositional changes at the silicon
surface can be observed while controlled amounts of oxide are grown. This
growth under low oxygen pressures provides an interesting contrast to
higher pressure thermal oxidation. We will discuss the implications of this
work for theories of the growth of the first few monolayers of oxide.

c12.2

THE INITIAL STAGES OF FORMATION FOR THE Si/Si0,
INTERFACE ON Si(111) 7x7. J. M. Gibson, AT&T Bell Laboratories,
Murray Hill, NJ 07974

Using 2 UHV Transmission Electron Microscope we have studied the
initial stages of Si oxidation by high-energy transmission electron
diffraction and imaging. The atomic structure of the Si(111) 7x7
surface is monitored as it is converted to a 1x1 buried interface, using
quantitative analysis of high-energy transmission diffraction data.
Structural analysis involved Patterson functions, fourier difference maps
and least squares refinement from the electron data. We observe
structural changes in the surface during 0, exposure which go beyond
simple random destruction of the adatoms or dimers, and have
implication on the oxidation mechanism and interface structure.

C12.3

ELECTRON SPIN RESONANCE STUDIES OF SILICON
DIOXIDE FILMS ON SILICON IN INTEGRATED CIRCUITS
USING SPIN DEPENDENT RECOMBINATION. Mark A.
Juping and Patrick M. Lenahan, Pennsylvania
State University, University Park, PA.

Although standard electron spin resonance (ESR)
detection techniques have been quite sucessful
in exploring the atomic scale structure of
imperfections at or very near the Si/SiOe
interface, these studies have been limited to
extremely large surface areas (several cm©) with
fairly large defect densities. The technique of
spin dependent recombination (SDR) allows ESR
observation of point defects in a single
metal-oxide-semiconductor field-effect
transisitor (MOSFET) with surface areas of only
10" em© and quite low interface state
densities of <-10""/cm™~. The two dominant
paramagnetic defects found in the Si/SiOa
system are the P, center and the E' center.

The Pb center is a trivalent silicon bonded to
three other silicons at the Si/SiOe interface;
the E’ center is a trivalent silicon bonded to
three oxygens in the oxide. With SDR’s
enhanced sensitivity, devices with different
processing details are explored. Results show
significant processing induced differences in
the P, and E” SDR spectra.

Cl2.4

AN NMR STUDY OF HYDROGEN AT THE 8i/8i0; INTERFACE
OF THERMALLY GROWN OXIDES. and
Karen K. Gleason, Department of Chenmical Engi-
neering, MIT, Cambridge, MA.

Nuclear magnetic resonance (NMR) spectroscopy is
used to study the incorporation of hydrogen at
the silicon-silicon dioxide interface of thermal-

ly grown wet and dry oxides of silicon. A possible
correlation between bonding structure (SiH vs.
SiOH) and film stress is explored.

Hydrogen spatjial distributions in the interfacial
region are also examined by NMR. Since hydrogen
is expected to cluster near defects as it does in
the amorphous silicon hydride system, this may
provide insight on the atomic scale structure of ‘
the S§i/Si0; interface. An understanding of this
interface is critical in explaining the growth
kinetics of thin, low temperature oxides. Differ-
ences in the interfaces of wet and dry oxides are
highlighted.

C12.5

ELECTRONIC STRUCTURE OF EPITAXIAL S8i0./Si(100)
INTERFACES. T. Motooka, Institute of Applied
Physics, University of Tsukuba, Tsukuba,

Ibaraki 305, Japan S

The local densities of states(LD0OS) of epitaxial
$i0: layers on Si(100) surfaces have been
calculated using the recursion method combined
with the Harrison's universal tight-binding
model. Clusters comprising > 10* atoms were
generated to describe possible crystalline Si0:
layers on Si(100) substrates. In an epitaxial
({2Xx{2)R45° structure of B -cristobalite, only
half of the surface Si atoms are connected to
oxygen in Si0:, The calculated LDOS associated
with the remaining surface Si atoms showed that
localized states due to the dangling bonds (P,
centers) appeared in the middle of the Si gap.
These gap states were eliminated by terminating
the dangling bonds with hydrogen consistent with
the results of photvelectron spectroscopy
measurements for H, annealed Si0./S5i(100)
interfaces. On the other hand, all the surface
Si atoms are connected to the 0 atoms in a
strained tridymite structure with an epitaxial
relationship (001)[001]tridymitell (100)[110]Si.
The interface states appeared near the Si
conduction band edge and were primarily
composed of the interface 0 2p and surface Si 3s
and 3p orbitals.

Cl2.6

THE STRUCTURE OF INTERFACES I[N OXIDE
HETEROJUNCTIONS FORMED BY CVD. L.A. Tietz, S-R.
Summerfelt, and C.B. Carter, Department of Materials Science and
Engineering, Comell University, Ithaca, NY 14853,

The development of a network of misfit dislocations is an essential process
in the formation of many types of phase boundaries during epitactic
growth, The introduction of misfit dislocations has been shown to affect
not only the clastic energy of the interface but also the orientation
relationship between the two phases. In this study, a-FeoO3/ a-Al,03
heterojunctions are used as model interfaces for the study of misfit
dislocation structures in oxides. a-Fe;03 (hematite) and a-AlyO3
(sapphire) have the same crysial structure (8.G. = R3c; ¢/a = 2.73) but
with a 5.5% lattice misfit,

A new, non-destructive method of preparing oxide heterojunctions for
examination in the transmission electron microscope has been used to
prepare the interfaces for this work. The technique involves deposition of
thin oxide islands directly onto a TEM foil using CVD; in this case,
hematite was deposited on (0001)-oriented sapphirc. The hematite grew I
epitactically with nearly exact alignment of the crystal axes. Island sizes

110

ek A

%

. B B .“_.—a—-—-——-——-“




w——l———-ﬂmL

were predominantly in the range of 50 - 300 nm in diameter by <10 nm
thick. In addition, all of the islands were attached to surface steps on the
substrate. Weak-beam imaging has been used to characterize the
dislocation structure parallel to both the (0001) terraces and the step faces.
The influence of the dislocation structure on island orientation and
morphology will be discussed.

Cl3.1
THE STRUCTURE OF GRAIN BOUNDARIES IN ALUMINUM®*

M. ], Mills and G. J. Thomas, Sandia National Laboratories, Livermore,
(()::8 534551-0969; and F. Cosandey, Rutgers University, Piscataway, NJ

A systematic study of the structure of tilt grain boundaries in aluminum
has been initiated. High resolution transmission electron microscopy is
being used to examine the interface structure of several bicrystals with
<110> tilt axes. Specifically, the structure of a £9 [110] 38.2¢
symmetric tilt boundary has been determined. The grain boundary plane,
which appears wavy at lower magnification, is actually composed of
atomically flat microfacets. Several different structures have been
identified within individual microfacets: two distinct, symmetric
structures with {221} boundary planes and an asymmetric structure in
which the interface lies on a {111} of one of the crystals. These
observations are being compared with calculated structures using the
Embedded Atom Method. The quantitative comparison between the
observed and predicted grain boundary structures is accomplished using
multislice image simulations based on the calculated structures. The
results of these comparisons and the evaluation of the relative energies of
the microfacets will be discussed.

*This work is supported by the U. S. Department of Energy, BES-
Materials Sciences, under contract number DE-AC04-76DP00789.

C13.2

ON THE ATOMIC STRUCTURE OF GRAIN BOUNDARTES
IN SMALL METALLIC AND BIMETALLIC PARTICLES.
Miguel Avalos, Roberto Heandndez, Pablo Scha-

bes, Aamando Vdzquez and Miguel José Yacamdn,
Inatituto de Fisica, Apdo. %oa?al 7035%, UNAM.

The structune of small metallic and bimetallic
panticles of Pd, Ir, Rh, Ru, Pt and its alloys
are strudied using HREM. In particulanr the 4Ln
ternat boundaries that are present in diffe--
nent structures are considered for a number of
metals. In the cade of bimetallic particles it
is found that Long period structures are produ-
ced in some regions of the panticle., UVifferent
mechanisams {or the formation of twin boundaries
in thene structures are discussed.

C13.3

STRUCTURE AND PROPERTIES OF THE (110) INVERSION
DOMAIN BOUNDARY IN g.SiC. W.R. L. Lambrecht and B.
Segall, Department of Physics, Case Western Reserve University,
Cleveiand, OH 44106.

The interface between two domains of §-SiC with inverted C and
Si positions is called an Inversion Domain Boundary. It is one of the
most frequently occuring planar defects in cubic SiC heteroepitax-
ially grown on a Si(001) substrate as & result of monoatomic steps.
Results of density functional electronic structure and total energy cal-
culations using the linear muffin-tin orbital method are presented for
the (110) interface. The latter is & symmetry plane of the structure.
This circumstance allows us to obtain the energy of formation of the

111

interface by subtracting the total energies of superlattices containing
two equivalent interfaces and the corresponding perfect crystal. A
simple model involving C-C and Si-Si bondlength relaxation by neig-
boring Si-C bond rotations is proposed. The calculations show that
this lowers the total energy of formation of the defect from ~ 6 eV
for the ideal structure to ~ 3 eV/interface unit cell area. Alterna-
tive structures are currently investigated by means of a valence force
field approach. The interface is characterized by several occupied
interface localized states in the bandgaps (both the semiconducting
bandgap and the gap between the lower s-like and higher p-like va-
lence bands). These are present even after relaxation of the structure.
Layer projected densities of states and superceil band-structures will
be presented. These states as well as the charge accumulation near
the interface which leads to a potential barrier should have significant
effects on the electronic transport. The high interface total energy
also implies a weak bonding at this interface.

Cl3.4

MECHANICAL RESPONSE OF MATERIALS WITH INTERFACES
i. Alber, J._l. Bassani, and J.Qu, Department of Mechanical
Engineering and Applied Mechanics, University of Pennsylvania;
V. Vitek and G.-J. Wang Department of Materials Science and
Engineering, University of Pennsylvania, Philadelphia, PA 19104.

Interfaces are regions of distinct atomic structure and, possibly,
composition. They possess, therefore, properties which are
different from those in the bulk. In continuum mechanics studies,
the influence of an interface can be accounted for through
displacement discontinuities, the magnitude of which depends
both on tractions along the interface and the interfacial properties.
The latter are controlled by the atomic structure of the interface
and a relationship between the atomic scale properties and
macroscopic mechanical response can thus be established.

In this paper we consider interfaces between misoriented crystals,
i.e. grain boundaries. Their atomic structure is calculated using
established methods of molecular statics with interatomic forces
described by many-body potentials. The atomic level stresses
and elastic constants are then calculated and on their basis the
interfacial residual stresses and elastic moduli evaluated. These
quantities are the interfacial properties needed when considering
the mechanical response, and they are an input into the
formulation of the boundary conditions for the corresponding
continuum calculations.

Using the results of these studies effective elastic properties of bi-
crystals are deduced. The results are then generalized to
properties of bimaterials and composite materials.

This research was supported by the NSF Grant. no. 88-06966 and
the MRL Program Grant DMRg5-19059.

Cl1l3.5

ATOMISTIC SIMULATION STUDIES OF INTERFACES IN NANOPHASE
COPPER AND SILICON. James A. Lupo and Michael J. Sabochick, Dept. of
Engineering Physics, Air Force Institute of Technology, Wright Patterson
AFB, OH 45433.

Nanophase copper and silicon were investigated using atomistic simulation.
Nanophase materials have very small grains, and thus a significant fraction of
the atoms are surrounded by an interface instead of a crystalline environment.
The simulations employed an embedded-atom method potential for copper,
and a modified Stillinger-Weber povential appropriate for erystalline and
amorphous silicon. Computer “samples” of nanophase material were formed
by compressing together three grains of several hundred atoms each, using
Fletcher-Powell minimization and external pressures of 0.5, 1.5, and 4.5 GPa.
All copper systems compressed to nearly the density of the perfect crystal,
even with 8000-atom (50.0A) grains. Silicon systems containing 105-atom
(7.8A) grains compressed to relative densities of 66%, 86% and 97% at the
above pressures, as compared to the perfect crystal. Systems with 305-atom
(11.3A) grains compressed to relative densities of 70%, 72% and 75%. Large
voids were observed in each case. Plots of atomic positions showed that cry-
stalline order was maintained within the grains up to the interfaces. In other
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words, no highly disordered interfaces were observed.

Bulk moduli and thermal expansion coeflicients were calculated using molecu-
lar dynamics. Nanophase samples with relative densities near unity had bulk
moduli close to that of the perfect lattice. Samples with relative densities less
than unity showed correspondingly lower bulk moduli. For example, a silicon
sample at 86% relative density had a bulk modulus 30% lower than the per-
fect lattice bulk modulus. In general, the bulk moduli seemed to be more
affected by voids than by interfaces, even though all atoms are within a
second-nearest neighbor distance of an interface in the 105-atom grain system.
The thermal expansion coefficients of the nanophase silicon samples were gen-
erally larger than the perfect lattice expansion coeflicient, by as much as a fac-
tor of two in some cases. Above 600K, the silicon samples showed evidence of
annealing, and started to densify. The implications of these results and other
ealculations regarding the structure of interfaces and their effects on bulk pro-
perties will be discussed.

Cl3.6

THE APPLICATION OF GLANCING ANGLE EXAFS TO STUDY THE
STRUCTURE OF PLATINUM-NICKEL MULTILAYERS. G. M. Lamble,

North Carolina State University, Raleigh, NC 27695-8202,
S. M. Heald, Brookhaven National Laboratory, Upton, NY
11973, and B. M. Clemens, University of Stanford,

Stanford, CA 94305-2205

Recent reports have correlated the mechanical properties
of multilayers with a structural expansion of the con-
stituents. The nature of this expansion is under disgpute,
with conflicting theories by Clemens and Eesley [1], whe
attribute the expansion to an interface effect, and
Huberman and Grimsditch [2], who regard the expansion as a
bulk effect. We apply the technique of glancing angle
EXAFS to obtain detailed structural information, to
appraise the ability of this technique to shed light on
this controversy. We perform glancing angle EXAFS on
platinum-nickel multilayers of varying bilayer thickness.
Measurements are made by fluorescence detection of EXAFS
beyond both the PtLyyr and the Ni K edges. Considerable
interlayer mixing is evident, along with the retention of
the bulk metallic character within the layers.

This work was supported by the U.S. Department of Energy,
Division of Materials Sciences, under Contract Nos.
DE-ASO5-80ER10742 and DE-AC02-76CHO0016.

[1}] Bruce M. Clemens and Gary L. Eesley, Phys. Rev. Lett.
61, 2356 (1988).

[2] M. L. Huberman and M. Grimsditch, Phys. Rev. Lett.
1403 (1989).
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Cl13.7

THE ELECTRONIC STRUCTURE OF 5 GRAIN
BOUNDARIES IN CU. Erik C. Sowa and A. Gonis, Lawrence
Livermore National Laboratory, Livermore, CA;* X.-G.
Zhang, Northwestern U., Chicago, IL; and S. M. Foiles,
Sandia National Laboratories Livermore, Livermore, CA.}

We present first-principles calculations of the densities-of-
states (DOS’s) of unrelaxed and relaxed twist and tilt grain
boundaries (GB's) in Cu. The relaxed configurations were
obtained through the use of the Embedded Atom Method
(EAM)!, while the DOS's were calculated using the real-space
multiple scattering theory (RS-MST) approach recently
introduced? in the literature. The DOS’s of GB’s are compared
against those of bulk materials as well as against one another.
Although the RS-MST calculations are still not self-consistent,
these comparisons allow us to verify certain expected trends in
the DOS’s, and to verify the usefulness and reliability of our
method.

* Supported by US DOE under contract W-7405-ENG-48.

+ Supported by Director, Office of Energy Research, Office of
Basic Energy Sciences, Materials Science Division of the US
DOE.

1. S. M. Foiles, submitted to Acta Met.

2. X-G. Zhang and A. Gonis, Phys. Rev. Lett. 62, 1161-1164
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Chairs: T. L. Cheeks and R. W. Fathauer
Monday Morning, November 27
Salon C/D (M)

8:30 *D1.])
STABILITY OF METAL LAYERS EMBEDDED IN SEMI-~
CONDUCTORS, J.P. Harbison, T. Sands, C.J.
Palmstrgm, N. Tabatabaie, H.L. Gilchrist,
L.T. Florez, T.L. Cheeks, R.E. Nahory, W.K.
Chan, and V.G. Keramidas, Bellcore, Red
Bank, NJ.

9:00 Dl.2

ELECTRICAL AND OPTICAL CHARACTERIZATION OF
MBE GROWN BURIED METAL (Al,Ga)As/NiAl/
(Al,Ga)As DOUBLE SCHOTTKY DIODES, T.L.
Cheeks, T. Sands, R. Nahory, J. Harbison, N.
Tabatabaie, H. Gilchrist, and B. Wilkens,
Bellcore, Red Bank, NJ.

9:15 D1.3

GROWTH AND CHARACTERIZATION OF GaAs/RARE-
EARTH MONOARSENIDE/GaAs HETEROSTRUCTURES,
C.J. Palmstrgm, S. Mounier, T.G. Finstad, N.
Tabatabaie, §.J. Allen, Jr., T. Sands, T.L.
Cheeks, P.F. Miceli, Bellcore, Red Bank, NJ:
J.G. Zhu, and C.B. Carter, Cornell Univer-
sity, Department of Materials Science and
Engineering, Ithaca, NY.

9:30 Dl.4
EPITAXIAL GROWTH OF MATCHED METALLIC
ErPO 6ASO 4 LAYERS ON GaAs AND ErPO 5Sb0 5

ON InP IN A MBE SYSTEM, A. Guivarc’h, A.

Corre, J. Caulet, B. Guenais, M. Minier, G.
Ropars, Centre National d’Etudes des Télé~-
communications, Lannion, France.

9:45 BREAK

10:15
ANISOTROPIC STRAIN IN THIN EPITAXIAL

C0512(110) FILMS GROWN ON Si(110), S.M.
Yalisove, University of Michigan, Department
of Materials Science and Engineering, Ann
Arbor, MI; D.J. Eaglesham, and R.T. Tung,
AT&T Bell Laboratories, Murray Hill, NJ.

*Invited Paper

Short Course M-04, "Optoelectronic
Materials, Processes, and Devices,"” C-20,
"Optical Characterization of III-V Semicon-
ductor Epitaxial Layers," and P-1s6,
"Epitaxial Growth of Compound Semicon-
ductors,” may be of interest to symposium
attendees. Details regarding course dates
and instructors are provided in the short
course section of this program.
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10:30

GROWTH OF EPITAXIAL COSi2 AND NiSi2 ON
(111), (100), AND (110) Si AT ROOM TEMPERA-
TURE, R.T. Tung, and F. Schrey, AT&T Bell
Laboratories, Murray Hill, NJ.

10:45

FORMATION OF ULTRATHIN NICKEL AND COBALT
SILICIDES ON Si(111) J3X J3-B AT ROOM
TEMPERATURE, L, Lugo, State University of New
York at Albany, Department of Physics,
Albany, NY; G.A. Smith, State University of
New York at Albany, Department of Physics,
Albany, NY and GE Corporate Research and
Development Center, Schenectady, NY; Shin
Hashimoto and W.M. Gibson, State University
of New VYork at Albany, Department of
Physics, Albany, NY.

11:00

FORMATION OF HIGH QUALITY Si/CoSi,/Si DOUBLE
HETERO-STRUCTURES BY SELF-ALIGNED AND TWO
STEP MOLECULAR BEAM EPITAXY, M. Mivac, T.
Ohshima, N. Nakamura and K. Nakagawa, Hita-
chi Ltd., Central Research Laboratory,
Tokyo, Japan.

11:15 D1.9

GROWTH AND CHARACTERIZATION OF EPITAXIAL
CoSlz ON si(i00), Jorge R. Jimepez, L.
Hsiung, K.V. Ramanathan, K. Rajan, L.J.
Schowalter, Rensselaer Polytechnic Insti-
tute, Center for Integrated Electronics,
Troy, NY; Shin Hashimoto, State University
of New York, Physics Department, Albany, NY;
R.D. Thompson, B.A. EK, and S.S. Iyer, IBM
T.J. Watson Research Center, Yorktown
Heights, NY.

11:30

EVOLUTION OF STRESS DURING HETEROEPITAXIAL
GROWTH OF NiSi2 ON (001) AND (111) SILICON
SUBSTRATES, H.L. Ho, C.L. Bauer, S. Mahaijan,
Carnegie Mellon University, Department of
Metallurgical Engineering and Materials
Science, Pittsburgh, PA; A.G. Milnes, Car-
negie Mellon University, Department of
Electrical and Computer Engineering, Pitts-
burgh, PA.

11:45 D1.11
COLUMNAR EPITAXY OF CoSi, ON Si(111), (100),
and (110), R.W. FPathauer, California 1In-
stitute of Technology, Jet Propulsion Labor-
atory, Pasedena, CA; C.W. Nieh, cCalifornia
Institute of Technology, Materials Science
Department, Pasadena, CA; Q.F. Xiao and Shin
Hashimoto, State University of New York at
Albany, Physics Department, Albany, NY.




SESSION D2; HETEROEPITAXY: METALS.

Chairs: R. T. Tung and R. F. C. Farrow
Monday Afternoon, November 27
Salon C/D (M)

1:30

HIGH RESOLUTION X~RAY SCATTERING STUDIES OF
STRAIN IN EPITAXIAL THIN FILMS OF YTTRIUM
SILICIDE GROWN ON SILICON(111), L.J.
Martinez-Miranda, University of Pennsyl-
vania, Laboratory for Research on the Struc-
ture of Matter, Department of Electrical
Engineering, Philadelphia, PA; M.P. Siegal,
University of Pennsylvania, Laboratory for
Research on the Structure of Matter, Depart-
ment of Materials Science and Engineering,
Philadelphia, PA; P.A. Heiney, University of
Pennsylvania, Laboratory for Research on the
Structure of Matter, Department of Physics,
Philadelphia, PA; J.J. Santiago-Avilés,
University of Pennsylvania, Laboratory for
Research on the Structure of Matter, Depart-
ment of Electrical Engineering, Philadel-
phia, PA; and W.R. Graham, University of
Pennsylvania, Laboratory for Research on the
Structure of Matter, Department of Materials
Science and Engineering, Philadelphia, PA.

1:45

SURFACE MORPHOLOGY OF TiSiz FORMED FROM UHV
DEPOSITED Ti ON Si, Hyeongtaa Jeon, North
Carolina State University, Department of
Materials Science and Engineering, Raleigh,
NC; R.J. Nemanich, J.W. Honeycutt and G.A.
Rozgonyi, North Carolina State University,
Department of Physics and Department of
Materials Science and Engineering, Raleigh,
NC.

2:00 D2.3

EPITAXIAL GROWTH OF TbSi, ON sSi(lli), E.H.
Kaatz, Laboratory for Research on the Struc-
ture of Matter and <the University of
Pennsylvania, Department of Materials
Science, Philadelphia, PA; J. Van der
Spiegel, Laboratory for Research on the
Structure of Matter and the University of
Pennsylvania, Department of Electrical
Engineering, Philadelphia, PA; and W.R.
Graham, Laboratory for Research on the
Structure of Matter and the University of
Pennsylvania, Department of Materials
Science, Philadelphia, PA.

2:15

GROWTH KINETICS OF Si ON SAPPHIRE BY MBE AS
A FUNCTION OF SUBSTRATE IN-SITU HIGH TEMPER-
ATURE SUBSTRATE ANNEAL, Eliezer Dovid
Richmond, Naval Research Laboratory, Wash-
ington, DC; Joseph G. Pellegrino, National
Institute of Standards and Technology,
Gaithersburg, MD; and Mark E. Twigg, GEO-
Centers Inc., Fort Washington, MD.

116

2:30 D2.5

A HREM STUDY OF EPITAXIAL FLUORIDE / RARE
EARTH / FLUORIDE / GaAs INTERFACES, C.J.
Chien, Stanford University, Department of
Materials Science and Engineering, Stanford,
CA; R.F.C. Farrow, IBM Almaden Research
Center, San Jose, CA; and J.C. Bravman,
Stanford University, Department of Materials
Science and Engineering, Stanford, Ca.

2:45

INFLUENCE OF OFF~ORIENTED SUBSTRATES ON
HETEROEPITAXIAL GROWTH OF (Ca, Sr)F, LAYERS
ON sSi(100), Tetsuroh Minemura and Junko
Asano, Hitachi, Ltd., Hitachi Research
Laboratory, Ibaraki, Japan; Kazuoc Tsutsui
and Seijiro Furukawa, Tokyo Institute of
Technology, Department of Applied Electron-
ics, Yokohama, Japan.

3:00 BREAK

3:30 Dp2.7
STRAIN IN EPITAXIAL GaAs ON CaF,/Si(111),
L.J., Schowalter, J.E. Ayers and S.K.

Ghandhi, Rensselaer Polytechnic Institute,
Center for Integrated Electronics, Troy, NY:
shin Hashimoto, W.M. Gibson, State Uni-
versity of New York at Albany, Physics
Department, Albany, NY: F.K. LeGoues, IBM
T.J. Watson Research Center, Yorktown
Heights, NY; and P.A. Claxton, University of
Sheffield, Dept. of Electronic and Electri-
cal Engineering, Sheffield, United Kingdom.

3:45 P2.8
EPITAXIAL GROWTH OF (100) GaAs ON SOS USING
A SPECIFICALLY DESIGNED MOCVD SYSTEM, T.
Nishimura, K. Kadoiwa, K. Mitsui and T.
Murotani, Mitsubishi Electric Corp., Op~
toelectronic and Microwave Devices R&D Lab.,
Hyogo, Japan.

4:00
EFFECT OF STOICHIOMETRY ON THE ACTIVATION OF
IMPLANTED Si IN MBE-GROWN GaAs ON Si, T.S.
Kim and Y.C. Kao, Texas Instruments, Inc.,
Central Research Laboratories, Dallas, TX.

4:15

SELECTIVE AREA GROWTH OF GaAs ON Si BY
ELECTRON-CYCLOTRON-RESONANCE PLASMA~EXCITED
MOLECULAR~BEAM-EPITAXY (ECR-MBE), Tomohire
Shibata, Naoto Xondo, Yasushi Nanishi and
Masatomo Fujimoto, NTT Opto-electronics
Laboratories, Kanagawa, Japan.

4:30
ELECTRICAL PROPERTIES OF MESA DIODES ON
EPITAXIAL GaAs/Si, K.L. Jiao, A.J. Soltyka,
, State University of New York
at Buffalo, Center for Electronic and
Electro-optic Materials, Department of
Electrical and Computer Engineering,
Amherst, NY; and S.M. Vernon, Spire Corpora-
tion, Bedford, MA.




4:45 D2.12
HIGH QUALITY GaAs ON SOI BY MOCVD, N.H,.
Karam, V.E. Haven, S.M. Vernon, Spire
Corporation, Bedford, MA; N.A. El-Masry,
North Carcolina State University, Raleigh,

NC; and N. Haegel,
Los Angeles, CA.

University of California,

: A%

Chairs: L.J. Schowalter and J.E. Cunningham
Monday Evening, November 27
8:00 p.m. -~ 10:00 p.m.
Salon C/D (M)

SESSION D4: GENERAL TOPICS IN STRAINED-

LAYER EPITAXY
Chairs: C. P. Flynn and L. B. Freund
Tuesday Morning, November 28
Salon C/D (M)

8:30 *D4.1
FUNDAMENTAL ISSUES IN HETEROEPITAXY: A DOE
COUNCIL OF MATERIALS SCIENCE PANEL REPORT,
Paul S. Peercy, Sandia National Labora-

tories, Albuguergue, NM.

9:00
THE ROLE OF AN INTERFACE MISFIT DISLOCATION
IN BLOCKING THE GLIDE OF A THREADING DIS-~
LOCATION IN A STRAINED EPITAXIAL LAYER, L.B.
Freund, J.C. Ramirez and A. Bower, Brown
University, Division of Engineering, Provi-
dence, RI.

9:15
SURFACE STRESS EFFECTS ON EPITAXY, K.
SieradzXi- and R.C. Cammarata, The Johns

Hopkins University, Department of Materials
Science and Engineering, Baltimore, MD.

9:30
MICRODIFFRACTION FROM CLEAVED Sl-Sll._xGex
MULTILAYERS, W.T. Pike, Cambridge Univer-
sity, Department of Physics, Cavendish
Laboratory, Cambridge, United Kingdom.

9:45
ELECTRON CHANNELING ANALYSIS OF ELASTIC
STRAINS IN InGaAs THIN FILMS, R, Keller, W.
Zielinski, W.W. Gerberich, and J.
Kozubowski, University of Minnesota, Depart-
ment of Chemical Engineering and Materials
Science, Minneapolis, MN.

10:00 BREAK
10:30 *D4.6
GROWTH AND RELAXATION OF STRAINED HETERO-
STRUCTURES, J.Y. Tsao, Sandia National

Laboratories, Albuquerque, NM.
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11:00

ALTERNATE ROUTES TOWARD MISMATCH ACCOMODA-
TION IN STRAINED-LAYER STRUCTURES, Brian W.
Dodson, Sandia National Laboratorles, Albu-
guerque, NM.

11:15

A STUDY OF DISLOCATION BENDING PROCESSES AT

STRAINED LAYER INTERFACES, S.A. Hussien,
- , J.C.L. Tarn, J.-R. Gong, and

S.M. Bedair, North Carolina State Univer-

sity, Electrical and Computer Engineering

Department, Raleigh, NC.

11:30

DISLOCATION DENSITY REDUCTION IN GaAs EPI-
LAYERS ON SILICON USING STRAINED LAYER
SUPERLATTICES, S. Sharan, M. Sanganeria, K.
Jagannadham, and J. Narayan, North Carolina
State University, Department of Materials
Science and Engineering, Raleigh, NC.

11:45 D4.10

THE KINETICS OF STRAIN RELAXATION IN In-
GaAs/GaAs STRAINED MULTILAYERS, David C,
Paine and Morgan Kurk, Brown University,
Engineering Department, Providence, RI;
Robert N. Sacks, Timothy C. Eschrich and
William J. Tanski, United Technologies
Research Center, Electronic Material Depart-
ment, East Hartford, CT.

Chairs: D. J. Eaglesham and S. M. Prokes
Tuesday Afternoon, November 28
Salon C/D (M)

1:30 *D5.1
PROPERTIES AND DEVICE APPLICATIONS OF Sijg_y-
Gey, ALLOYS, Subramanian S. Iyer, IBM T.J.

Watson Research Center, Research Division,

Yorktown Heights, NY.

2:00 D5.2
THE GROWTH MECHANISM OF EPITAXIAL SiGe
HETEROSTRUCTURES PRODUCED BY WET OXIDATION
OF AMORPHOUS SiGe THIN FILMS, S.M. Prokes,
U.S. Naval Research Laboratory, Washington,
DC; and A.K. Rai, Universal Energy Systenms,
Inc., Dayton, OH.

2:15 D5.3

SOLID PHASE EPITAXIAL REGROWTH OF GeySij_y
ON [100) Si, Q.Z2. Hong, A.J. Yu, J.W. Mayer,
Cornell University, Department of Materials
Science and Engineering, Ithaca, NY; J.M.
Poate, J.C. Bean, and D.J. Eaglesham, AT&T
Bell Laboratories, Murray Hill, NJ.

2:30

SOLID PHASE EPITAXIAL REGROWTH OF SiGe
STRAINED LAYERS AMORPHIZED BY ION IMPLANTA-
TION, B.J, Robinson, B.T. Chilton, and D.A.
Thompson, McMaster University, Centre for
Electrophotonic Materials and Devices,
Hamilton, Canada.




-
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2:45 D5.5
REDUCTION OF DEFECT DENSITY IN HETEROEPITAX~-

IAL GeySi;.y GROWN ON PATTERNED Si SUB-
STRATES, E.A. Fitzgerald, P.E. Freeland,
Y.-H. Xie, AT&T Bell Laboratories, Murray
Hill, NJ.

3:00 BREAK

3:30 *D5.6
EXPERIMENTAL STUDIES OF KINETIC EFFECTS 1IN
STRAINED LAYER EPITAXY, R. H , and J.C.
Bean, AT&T Bell Laboratories, Murray Hill,
NJ.

4:00 D5.7
THE 2D~3D TRANSITION IN THE MBE GROWTH OF

Ge/Si, D.J. Eaglesham, and M. Cerullo, AT&T
Bell Laboratories, Murray Hill, NJ.

4:15 D5.8
MORPHOLOGY OF GE FILMS GROWN LAYER BY LAYER
ON SI(001), F.K. lLeGoues, M. Copel and R.M.
Tromp, IBM T.J. Watson Research Center,
Yorktown Heights, NY.

4:30 D5.9

MISFIT DISLOCATION NUCLEATION AND MULTI-
PLICATION AT Gexsil_x/Si INTERFACES, D.D.
Perovic, G.C. Weatherly, University of
Toronto, Department of Metallurgy and Mate-
rials Science, Toronto, Canada; and D.C.
Houghton, National Research Council, Di-
vision of Physics, Ottawa, Canada.

4:45 D5.10

DISLOCATION BEHAVIOUR IN GexSil—x EPILAYERS
ON (001)Si; E.P. Kvam, The University of
Liverpool, Department of Materials Science
and Engineering, Liverpool, United Kingdom:
and Lawrence Berkeley Laboratory, Berkeley,
CA; D.M. Maher, The University of Liverpool,
Department of Materials Science and En-
gineering, Liverpool, United Kingdom; and
AT&T Bell Laboratories, Murray Hill, NJ; and
C.J. Humphreys, The University of Liverpool,
Department of Materials Science and En-
gineering, Liverpool, United Kingdom.

R. C. Cammarata and A. F. Jankowski

Chairs:
Wednesday Morning, November 29
Salon C/D (M)
8:30 *D6,1

METASTABILITY IN SINGLE CRYSTAL EPILAYERS
AND SUPERLATTICES GROWN BY MBE, R. Du and
, University of 1Illinois at
Urbana-Champaign, Materials Research Labora-
tory and Department of Physics, Urbana, IL.

9:00 D6.2
MICROSTRUCTURE OF FCC/BCC METAL MULTILAYERS,
Nige J , D.J. Dingley, Bristol
University, Department of Physics, Bristol,
United Kingdom; and Y. Ando, Nagoya Univer-
sity, Department of Applied Physics, Nagoya,
Japan.

9:15 D6,.3
AN INVESTIGATION OF THE DISLOCATION STRUC-
TURE OF THE NI/AG PHASE BOUNDARY, Thomas A.
Bamford, Wilkes College, School of Engineer-
ing and Applied Science, Wilkes-Barre, PA.

9:30 D6.4

EPITAXIAL GROWTH OF Cu-Ni SINGLE CRYSTAL
ALLOYS AND SUPERLATTICES BY MOLECULAR BEAM
EPITAXY, R.P. Burns, Research Triangle
Institute, Research Triangle Park, NC, and
North Carolina State University, Department
of Physics, Raleigh, NC; Y.H. Lee, North
Carolina State University, Department of
Materials Science and Engineering, Raleigh,
NC: N.R. Parikh, University of North
Carolina, Department of Physics and Astrono-
my, Chapel Hill, NC; and J.B. Posthill, M.Jd.
Mantini, and R.J. Markunas, Research
Triangle Institute, Research Triangle Park,
NC.

9:45 D6.5
STRUCTURAL AND ELECTRONIC PROPERTIES OF
Pb/Cu MULTILAYERS, Dominigue Neerinck,
Kristiaan Temst, Hans Vanderstraeten, and
v ru eraede, Katholieke Universiteit

Leuven, Laboratorium voor Vaste Stof-Fysika
en Magnetisme, Leuven, Belgium:; and Ivan K.
Schuller, University of cCalifornia-San
Diego, Physics Department, La Jolla, CA.
10:00 BREAK

10:30 D6.6

SURFACE STRESS EFFECTS ON THE ELASTIC MODULI
OF SUPERLATTICE THIN FILMS, R.C. Cammarata,
K. Sieradzki, The Johns Hopkins University,
Department of Materials Science and En-
gineering, Baltimore, MD; and F. Streitz,
The Johns Hopkins University, Department of
Physics and Astronomy, Baltimore, MD.

10:45 D6,7

ANALYSIS OF Au/Ni MULTILAYERS BY X-RAY
DIFFRACTION, J., Chaudhuri, S. shah, V.
Gondhalekar, Wichita State University, The
Institute for Aviation Research, Mechanical
Engineering Department, Wichita, KS; and
A.F. Jankowski, University of cCalifornia,
Lawrence Livermore National Laboratory,
Livermore, CA.
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11:00 D6.8

ELASTIC PROPERTIES OF FCC-FCC METALLIC
MULTILAYERS, John R. Dutcher, Sukmock Lee,
Jeha Kim, Craig D. England, George 1I.
Stegeman and Charles M. Falco, University of
Arizona, Optical Sciences Center and Depart-
ment of Physics, Tucson, AZ.

11:15 D6.9

EPITAXIAL Fe/Ag AND Mn/Ag SUPERLATTICES, S.
Nahm, and L. Salamanca-Young, University of
Maryland, Department of Chemical and Nuclear
Engineering, College Park, MD; and B.T.
Jonker, J.J. Krebs, and G.A. Prinz, Naval
Resarch Laboratory, Washington, DC.

11:30 D6.10

GROWTH AND CHARACTERIZATION OF (Mn/Ag) (001)
SUPERLATTICES, B.T. Jonker, Y.U. Idzerda,
J.J. Krebs, and G.A. Prinz, Naval Research
Laboratory, Washington, DC.

11:45
FORMATION AND STRUCTURE OF Mo THIN LAYERS ON
Ni(001) AND Mo-Ni SUPERLATTICES, Y. ee,

North Carolina State University, Department
of Materials Science and Engineering,
Raleigh, NC; R.P. Burns, Research Triangle
Institute, Research Triangle Park, NC, and
North Carolina State University, Department
of Materials Science and Engineering,
Raleigh, NC; J.B. Posthill, M.J. Mantini,
R.J. Markunas, Research Triangle Institute,
Research Triangle Park, NC; and K.J.
Bachmann, North Carolina State University,
Department of Materials Science and En-
gineering, Raleigh, NC.

SESSION D7: III-V (A)
Chairs: C€. Tu and W. Wang
Wednesday Afternoon, November 29
Salon C/D (M)

1:30 *D7.1

MATERIALS AND DEVICE PROPERTIES OF LATTICE-
MATCHED AND PSEUDOMORPHIC InP BASED HETERO-
STRUCTURES, Umesh XK. Mishra, North Carolina
State University, Department of Electrical
and Computer Engineering, Raleigh, NC; and
April S. Brown, Cornell University, Ithaca,
NY.

2:00 D7.2

MATERIALS AND DEVICE CHARACTERISTICS OF
PSEUDOMORPHIC AlGaAs-InGaAs-GaAs AND AllnAs-
InGaAs-InP HIGH ELECTRON MOBILITY TRANSIS-
TORS, J.M. Ballingall, Pin Ho, G.J. Tessmer,
P.A. Martin, T. H. Yu, P.C. Chao, P.M. Smith
and X.G.H. Duh, General Electric Company,
Electronics Laboratory, Syracuse, NY.

2:30 D7.3
X-RAY DIFFRACTION STUDY OF InAlAs-InGaAs ON
InP HIGH ELECTRON MOBILITY TRANSISTOR STRUC-
TURE PREPARED BY MOLECULAR-BEAM EPITAXY,
H.Y. Liju, Y.C. Kao and T.S. Kim, Texas
Instruments, Inc., Central Research Labora-
tories, Dallas, TX.

2:45 D7.4
STRUCTURAL AND ELECTRONIC PROPERTIES OF
GaAs/InGaAs/GaAs HETEROSTRUCTURES, J.M.
Bonar, R. Hull, R.J. Malik, and R.W. Ryan,
AT&T Bell Laboratories, Murray Hill, NJ; and
J.F. Walker, Laboratorio TASC, Trieste,
Italy.

3:00 BREAK

3:30 b7.5

FIELD EFFECT TRANSISTOR STRUCTURE BASED ON
STRAIN INDUCED POLARIZATION CHARGES, D.L.
Smith, Los Alamos National Laboratory, Los
Alamos, NM; R.T. Collins, T.F. Kuech, IBM
T.J. Watson Research Center, Yorktown
Heights, NY; C. Mailhiot, Xerox Webster
Research Center, Webster, NY.

3:45 D7.6
THE EFFECT OF INDIUM DEPLETION ON THE COM-
POSITION OF OMVPE GROWN GaAs, P.D. Agnello,
IBM T.J. Watson Research Center, Yorktown
Heights, NY; P.B. Chinoy and S.K. Ghandhi,
Rensselaer Polytechnic Institute, Troy, NY.

4:00 D7.7

HETEROJUNCTION STUDY OF Gag, glng, 1As(p Y/
GaAs{n) DIODES: CORRELATION OF ELECTRICAL
AND STRUCTURAL CHARACTERISTICS, Y.W. Choi,
C.R. Wie, State University of New York at
Buffalo, Department of Electrical and Com-
puter Engineering and Center for Electronic
and Electrooptic Materials, Amherst, NY;
K.R. Evans and C.E. Stutz, Wright-Peterson
Alr Force Base, OH.

4:15 D7.8

SURFACE CROSS-HATCHED MORPHOLOGY ON STRAINED
III-V SEMICONDUCTOR HETEROSTRUCTURES, K.H.
chang, D. Srolovitz, R. Gibala, University
of Michigan, Department of Materials Science
and Engineering, Ann Arbor, MI; P.K. Bhat-
tacharya, University of Michigan, Department
of Electrical Engineering and Computer
Science, Ann Arbor, MI; and J.F. Mansfield,
University of Michigan, Electron Microbeam
Analysis Laboratory, Ann Arbor, MI.

4:30 D7.9
THERMAL STABILITY OF STRAINED InGalAs/GaAs
SINGLE QUANTUM WELLS, B, Elman, Emil S.
Koteles, P. Melman, C.A. Armiento and C.
Jagannath, GTE Laboratories, Inc., Waltham,
MA.
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4:45 D7,10
APPLICATION OF GaAs-AlGaAs SUPERLATTICE
STRUCTURE FOR FABRICATING HIGH BREAKDOWN
VOLTAGE POWER MISFET, W.C, Lju, W.S. Lour,
R.L. Wang and W.C. Hsu, National cheng Kung
Unlver51ty, Department of Electrical En-
gineering, Tainan, Taiwan, China.

Chairs: A. C. Gossard and C. Fonstead
Thursday Morning, November 30
Salon C/D (M)

8:30 *D8.1
RESONANT TUNNELING TRANSISTORS AND QUANTUM
EFFECT DEVICES, Federico Capasso, AT&T Bell

Laboratories, Murray Hill, NJ.

9:00 *Dg.2
DIFFRACTION STUDIES OF THE GROWTH OF
STRAINED EPITAXIAL FILMS, G.J. Whaley and
, University of Minnesota, Depart-
ment of Electrical Engineering, Minneapolis,
MN.

9:30

EFFECTS OF SUBSTRATE MISORIENTATION AND THE
GROWTH MECHANISM OF Si DOPED GaAs GROWN ON
(111) A SUBSTRATE BY MBE, Y. Okano, H. Seto,
M. Shigeta, S. Nishine, I. Fujimoto, ATR
Optical and Radio Communications Research
Laboratories, Kyoto, Japan; and T. Suzuki,
Science and Technical Research Laboratories
of NHK, Tokyo, Japan.

9:45 D8.4
ORDERED TERNARY ALLOYS BY ATOMIC LAYER
EPITAXY, B.T. McDermott, K.G. Reid, A. Dip,
N.A. El-Masry, S.M. Bedair, North Carolina
State University, Electrical and Computer
Engineering Department, Raleigh, NC; W.
Duncan, Texas Instruments, Dallas, TX: X.
Yin and F.H. Pollak, Brooklyn College of
CUNY, Department of Physics, Brooklyn, NY.

10:00 BREAK

10:30 D8.5
InAs AND InGaAs GROWTH BY CHLORIDE ATOMIC

LAYER EPITAXY, H._ Shimawaki, NEC Corp.,
Mlcroelectronlcs Research Laboratories,
Kawasaki, Japan; Y. Kato and A. Usui, NEC
Corporation, Fundamental Research Labora-
tories, Ibaraki, Japan.

10:45

ELECTRICAL AND MATERIAL CHARACTERIZATION OF
THE STABILITY OF ALGAAS AND INGAAS PLANAR
DOPED STRUCTURES, Larry P. Sadwick, Univer-
sity of Utah, Department of Electrical
Engineering, Salt Lake City, UT; and Dwight
C. Streit, TRW Electronic Systems Group,
Redondo Beach, CA.

11:00 Dp8.7
KINETICS OF QUANTUM WIRE GROWTH ON VICINAL
SURFACES, K.J. Hugill, S. cClarke, D.D.

_ygdgnghz and B.A. Joyce, Imperial College,
The Blackett Laboratory and Semiconductor
Materials IRC, London, United Kingdom.

11:15
LIQUID PHASE ELECTROEPITAXIAL (LPEE) GROWTH
OF GaSb AND InGaAsSb, Shanthi N. Iver, Ali

Abul~-Fadl, North Carollna A&T State Univer-
sity, Department of Electrical Engineering,
Greensboro, NC; Albert T. Macrander, AT&T
Bell Laboratories, Murray Hill, NJ; Jonathan
H. Lewis and W. J. Collis, North Carolina
A&T State University, Department of Electri-
cal Engineering, Greensboro, NC.

11:30 D8.9

ENERGETICS AND RELAXATIONS OF ADATOM, DOPANT
AND VACANCY RELATED COMPLEXES ON NORMAL AND
STRAINED GaAs (001) SURFACE, S.B. Ogale,
University of Southern California, Depart-
ments of Materials Science and Physics, Los
Angeles, CA; and University of Poona,
Department of Physics, Pune, India; A.
Madhukar, University of Southern California,
Departments of Materials Science and Phys-
ics, Los Angeles, CA; and R. Vishwanathan,
University of Poona, Department of Physics,
Pune, India.

11:45

PULSED LASER ATOM PROBE ANALYSIS OF III-V
COMPOUND SEMICONDUCTOR EPILAYERS, Ross A.D.
Mackenzie, J. Alex Liddle, Chris R.M.
Grovenor and Alfred Cerezo, Oxford Univer-
sity, Department of Metallurgy and Science
of Materials, Oxford, United Kingdom.

: =V
Chairs: A. C. Gossard and C. Fonstead
Thursday Afternoon, November 30
Salon C/D (M)

1:30
THE INTERACTION OF TRIMETHYLGALLIUM WITH
CLEAN AND ADSORBATE COVERED SI(100) SUB-
STRATES, T.R. Gow, R. Lin, L.A. Cadwell, F.
Lee, R.I. Masel, University of 1Illinois,
Urbana, IL.

1:45
THERMAL DISORDERING OF MODULATION-DOPED
AlAs/GaAs SUPERLATTICE, Kunihiko Hara,
Hiroshi Ito, Shinya Ohmi and Takamasa
Suzuki, Nippondenso Company, Ltd., Aichi-
Ken, Japan.
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SESSION D9: SMALL ANGLE X-RAY
CHARACTERIZATION AND AMORPHOUS LAYERS
Cchairs: P. Persans and J. Kakalios
Thursday Afternoon, November 30
Salon C/D (M)

2:00 *D9,]

STRUCTURAL STABILITY OF AMORPHOUS SEMICON~-
DUCTOR SUPERLATTICES, ,
Rensselaer Polytechnic Institute, Physics
Department, Troy, NY; A.F. Ruppert, B.
Abeles, Exxon Research and Engineering
Company, Annandale, NJ; Y.~-J. Wu and V.
Pantojas, Rensselaer Polytechnic Institute,
Physics Department, Troy, NY.

2:30

A SYSTEMATIC METHOD FOR EXTRACTING STRUC-
TURAL PARAMETERS FROM LOW ANGLE X-RAY RE-
FLECTIVITY MEASUREMENTS ON MULTILAYERS, L.M.
Goldman, Harvard University, Division of
Applied Sciences, Cambridge, MA; H.A.
Atwater, California Institute of Technology,
Thomas J. Watson Laboratory of Applied
Physics, Pasadena, CA; and F. Spaepen,
Harvard University, Division of Applied
Sciences, Cambridge, MA.

2:45

DETERMINATION OF 3-DIMENSIONAL DEFECT STRUC-
TURES IN GALLIUM ARSENIDE EPILAYERS ON
SILICON USING WHITE BEAM SYNCHROTRON RADIA-
TION TOPOGRAPHY IN BOTH TRANSMISSION GEOME-
TRY AND GRAZING BRAGG-LAUE GEOMETRY, M.
Dudley, J. Wu, G.-D. Yao, State University
of New York, Stony Brook, Department of
Materials Science and Engineering, Stony
Brook, NY; H.-Y. Liu and Y.C. Kao, Texas In-
struments, Materials Science Laboratory,
Dallas, TX.

3:00
CHARACTERIZATION OF METAL/SEMICONDUCTOR
MULTILAYERS BY RAMAN SPECTROSCOPY AND X-RAY
DIFFRACTION, David D. Allred and Qi Wang,
Brigham Young University, Department of
Physics and Astronomy, Provo, UT.

3:15 BREAK

3:45
(ABSTRACT WITHDRAWN)

4:00
STRUCTURAL STABILITY OF HEAT TREATED W/B4C
MULTILAYERS, A.F. Jankowski, Lawrence Liver-
more Natlonal Laboratory, Chemistry and
Materials Science Department, Livermore, CA.

4:15
MULTILAYERED METALLIC THIN FILMS PREPARED BY
DUAL~-BATH ELECTRODEPOSITION, C,A. Ross, L.M.
Goldman and F. Spaepen, Harvard University,
Division of Applied Sciences, Cambridge, MA.
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4:30 *D9.8
METASTABLE ELECTRONIC EFFECTS IN AMORPHOUS
SUPERLATTICES, J. Kakalios, University of
Minnesota, School of Physics and Astronomy,
Physics Department, Minneapolis, MN.

N -

Chairs: F. Pollak and B. W. Dodson
Thursday Evening, November 30
7:00 p.m. - 10:00 p.m.
America Ballroom (W)

DlO.]) SILICIDE FORMATION AND THERMAL
STABILITY OF Ni/Si/GaAs INTERFACES, VY.
Yamamoto, K. Ishibashi, Hosei University,
Research Center of Ion Beam Technology,
Tokyo, Japan; S. Suzuki, Advanced Materials
Laboratory, Inc., Saitama, Japan; T.E. Shim,
Samsung Electronics, R&D Center, Semiconduc-
tor Business, Seoul, Korea; and Waseda Uni-
versity, Tokyo, Japan.

D10.2 EPITAXIAL GROWTH OF METALLIC
LAYERS BY SOLID PHASE INTERDIFFUSION: STUDY
OF THE Ni/GaAs AND Ni/AlAs SYSTEMS, R.
Guérin, and S. Deputier, Campus de Beaulieu,
Laboratoire de Chimie Minérale B, Rennes,
France; J. Caulet, M. Minier, A. Poudoulec,
Y. Ballini, V. Durel, G. Dupas, A.
Guivarc’h, Centre National d’Etudes des
Télécommunications, LAB/OCM/MPA, Lannion,
France.

D10.3 LATTICE DISTORTION OF SINGLE~CRYS-
TAL CoSiz COLUMNS EMBEDDED IN SINGLE-CRYSTAL
SILICON, sShin Hashimoto, Q.F. Xiao, W.M.
Gibson, State University of New York at
Albany, Physics Department, Albany, NY; C.W.
Nieh, cCalifornia 1Institute of Technology,
Materials Science Department, Pasadena, CA;
and R.W. Fathauer, California Institute of
Technology, Jet Propulsion Laboratory,
Pasadena, CA.

D10.4 STABILITY OF THE ELECTRICAL PROPER-
TIES OF PT-GA INTERMETALLICS ON ANNEALING
CONDITIONS, Larry P. Sadwick, University of
Utah, Department of Electrical Engineering,
Salt Lake City, UT; and Young K. Kim, Delroy
Baugh, and R. Stanley Williams, UCLA,
Department of Chemistry and Biochemistry,
Los Angeles, CA.

D10.5 CHARACTERIZATION OF ErAs/GaAs AND
GaAs/ErAs/GaAs STRUCTURES, Jane G. Zhu,
Cornell University, Department of Materials
Science and Engineering, Ithaca, NY; Chris
J. Palmstrgm, Suzanne Mounier, Bellcore, Red
Bank, NJ; and C. Barry Carter, Cornell
University, Department of Materials Science
and Engineering, Ithaca, NY.




Dl10.6 SILICON CONSUMPTION DURING SELF-
ALIGNED TITANIUM SILICIDE FORMATION ON
SHALLOW JUNCTION, P.L. Smith, Microelec-
tronics Center of North Carolina, Research
Triangle Park, NC:; and C.M. Osburn, North
Carolina State University, Department of
Electrical and Computer Engineering,
Raleigh, NC, and Microelectronics Center of
North Carolina, Research Triangle Park, NC.

Dl10.7 PREFERENTIAL GROWTH OF CoSi2 IN
Co/Si SOLID STATE INTERACTION, Liu Ping,
Hong Feng, Li Bingzong, Fudan University,
Department of Electronic Engineering, Shan-
ghai, cChina; and Shen Xiaoliang, Fudan
University, Center of Analyses and Measure-
ments, Shanghai, China.

D10.8 EPITAXIAL GROWTH OF IrSl3 ON
si(111), T.L. Lin, California Institute of
Technology, Jet Propulsion Laboratory,
Pasadena, CA; C.W. Nieh, california Insti-
tute of Technology, Keck Laboratory of
Engineering, Pasadena, CA; Shin Hashimoto
and Q.F. Xiao, State University of New York
at Albany, Physics Department and Institute
for Particle-Solid Interaction, Albany, NY.

D10.9 BORON /3x /3 INTERFACE STRUCTURE ON
Si(111): TWO-DIMENSIONAL ORDERED DOPING
LAYER, R.L. Headrick, L.C. Feldman, I.K.
Roblnson, E. Vlieg, A.F.J. Levi, H.S.
Luftman and J. Kovalchick, AT&T Bell Labora-
tories, Murray Hill, NJ.

D10.10 EPITAXIAL GROWTH OF (001) Cr ON
(001) LiF, J., Mattson, Northwestern Univer-
sity, Dep-rtment of Physics, Evanston, IL
and MSD Argonne National Labivratory, Ar-
gonne, IL; B. Brodsky, MSD Argonne National
Laboratory, Argonne, IL; and J.B. Ketterson,
Northwestern University, Department of
Physics, Evanston, IL.

D10.11 THE GERMANIUM GROWTH MECHANISM ON
(1102) SAPPHIRE DEPOSITED BY MOLECULAR BEAM
EPITAXY, David J, Godbey, Mark E. Twigg,
Geoff. P. Malafsky, and Syed B. Qadri, Naval
Research Laboratory, Washington, DC.

RAPID HETEROEPITAXIAL GROWTH OF Ge
FILMS BY PULSED SUPERSONIC FREE JET CHEMICAL
BEAM EPITAXY, Djula Eres, D.H. Lowndes, J.Z.
Tischler, T.E. Haynes and M.F. Chisholm, Oak
Ridge National Laboratory, Solid State
Division, Oak Ridge, TN.

D10.13 SOLID PHASE EPITAXIAL GROWTH OF II-
A FLUORIDES ON InP BY IN-SITU RAPID ISOTHER-
MAL PROCESSING, R._ Singh, F. Radpour, A.
Kumar, R.P.S. Thakur, University of Ok-
lahoma, Department of Electrical Engineering
and Computer Science, Norman, OK:; J.
Narayan, and A.R. Srivatsa, North Carolina
State University, Department of Materials
Science, Raleigh, NC; A.J. Nelson and H.S.
Ullal, Solar Energy Research Institute,
Golden, CO.

STRAIN-CONTROLED HIGH MOBILITY IN
MODULATION DOPED Slo 5Geg 5/Ge/Sll-xGx
HETERO-STRUCTURES, M. n;y o, E. Murakami, H.
Etch and K. Nakagawa, Hitachi Ltd., Central
Research Laborateory, Tokyo, Japan.

D10.15 STRUCTURAL CHARACTERIZATIONS OF
SYMMETRICALLY STRAINED GepSi, SUPERLATTICES,

R.C. Bowman Jr., and P.M. Adams, The Aero-

space Corporation, Los Angeles, CA; C.C.
Ahn, California 1Institute of Technology,
Keck Laboratory, Pasadena, CA; S.J. Chang,

V. Arbet and K.L. Wang, University of Cali-
fornia, Electrical Engineering Department,
Los Angeles, CA.

PLASTIC FLOW IN Si/Ge QUANTUM WELL
STRUCTURES, Mark E. Twigg, GEO-Centers,
Inc., Fort Washington, MD; and D.J. Godbey,
Naval Research Laboratory, Washington, DC.

pP10.17 THERMAL STABILITY OF Si/Sip_ gs-
Geg,15/5S1 MODULATION DOPED DOUBLE HETERO-

STRUCTURES, P.J. Wang, B.S. Meyerson, P.M.
Fahey, F. LeGoues, C.J. Scilla and J.M.
Cotte, IBM T.J. Watson Research Center,
Yorktown Heights, NY.

D10.18 EPITAXY OF SipGep, ATOMIC LAYER
SUPERLATTICES, J.~M. Baribeau, D.J.
Lockwood, M.W.C. Dharma-wardana, D.C.

Houghton and N.L. Rowell, National Research
Council Canada, Division of Physics, Ottawa,
Canada.

MAGNETIC AFTEREFFECT IN COMPOSI-
TIONALLY-MODULATED Ni/Cu MULTILAYERS PRE-
PARED BY ELECTRODEPOSTION AND BY SPUTTERING,
L.H. Bennett, L.J. Swartzendruber, National
Institute of Standards and Technology,
Gaithersburg, MD; and W. Abdul-Razzag, West
Virginia University, Morgantown, WV.

THE KINETICS OF SI;_yGe,/Si RELAXA-
TION USING LARGE AREA DISLOCATION IMAGING

TECHNIQUES, D.C. Houghton, P. Timbrell and
J.-M. Baribeau, National Research Council of

Canada, Ottawa, Canada.

D10.21 STRUCTURAI, PROPERTIES AND THERMAL
EVOLUTION OF Fe/Ti MULTILAYERS, B. Rodmacqg,
J. Hillairet, J. Laugier, and A, Chamberod,
CEN-Grenoble, DRF/SPH/MP, Grenoble, France.
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D10.22 Ge TRANSPORT AND EPITAXY IN THE
AMORPHOUS-Ge/PdZSi/[lll] Si SYSTEM, Q.2.
Hong, J.G. Zhu, and J.W. Maver, Cornell
University, Department of Materials Science
and Engineering, Ithaca, NY.

D10.23 MODEL FOR EPITAXIAL GROWTH OF CO ON

Cu(100), D.D. Vvedensky, and S. Clarke,
Imperial College, The Blackett Laboratory

and Semiconductor Materials IRC, London,
United Kingdom.

D10.24 MAGNETIC PROPERTIES OF TbFeCo/Al

MULTILAYER THIN FILMS, B.D. Yan, J.A.
Barnard, M.H. Kim, and G.W. Warren, The
University of Alabama, Department of Metal-
lurgical and Materials Engineering, Tus-
caloosa, AL.

D10.25 DEPENDENCE OF Mo/Si MULTILAYER
MORPHOLOGY ON DEPOSITION ANGLE, Yuanda

Cheng, Mary Beth Stearns and David J. Smith,
Arizona State University, Department of
Physics, Tempe, AZ.

D10.26 EFFECT OF SUBSTRATE MISORIENTATION
ON HETEROEPITAXY WITH LARGE LATTICE MIS-
MATCH: Ag/Si(111), D.C. McKenna, K.-H. Park,

G.-C. Wang, Rensselaer Polytechnic In-
stitute, Physics Department, Troy, NY; and
G.A. Smith, State University of New York,

Albany, Department of Physics, Albany, NY.

D10.27 X-RAY DIFFRACTION STUDIES OF PSEU~
DOMORPHIC a-GexSn(l_x ON 1InSb(001), W.
Lowe, E. Fitzgerald, . Freeland, M. Asom
and R. MacHarrie Jr., AT&T Bell Labora-

tories, Murray Hill, NJ.

D10.28 THERMODYNAMIC PHASE STABILITY ON
GaAs OF INTERMETALLIC THIN FIILMS OF CoGa
WITH A LARGE RANGE OF COMPOSITIONS, Yound K.
Kim, Delroy Baugh and R. Stanley Williams,
UCLA, Department of Chemistry and Biochemis-

try and Solid State Science Center, Los
Angeles, CA.
Dl10.29 X-RAY TOPOGRAPHIC ANALYSIS OF

STRAIN FIELDS DUE TO MICRON-SIZED GRATINGS
ON Si(100) AND Al>05 (1120) SURFACES, A.
Peter Jardine, Michael Dudley, Gong-Da Yao
and Lalita A. Balasubramanian, State Univer-
sity of New York, Stony Brook, Department of

Materials Science and Engineering, Stony
Brook, NY.
D10.30 FORMATION OF BURIED AND SURFACE

CoSi2 LAYERS BY ION IMPLANTATION, M.F. Wu,
Peking University, Technical Physics Depart-
ment, Beijing, China; A. Vantomme, G.
Langouche, IKS University of Leuven, Leuven,

Belgium; K. Maex, J. Vanhellemont, IMEC,
Leuven, Belgium; J. Vanacken, H. Vloeberghs
and Y. Bruynseraede, VSM, University of

Leuven, Physics Department, Leuven, Belgium.
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pPl0.31 ANISOTROPIC TRANSPORT IN 1In-
GaAs/GaAs HETEROSTRUCTURES GROWN BY MOVPE,

i Sun, D. Morris, C. Lacelle, and A.P.
Roth, 1LMS, NRC, Ottawa, Canada.

STRAINED InGaAs/GaAs QUANTUM WELLS
BANDEDGE AT ROOM TEMPERATURE,
Elman, C. Jagannath, Emil s.
Silletti, GTE Laboratories,
MA.

RlO0.32
WITH A 1.3 um
P. Melman, B.
Koteles, A.

Inc., Waltham,

D10.33 A STABLE n-CHANNEL InP METAL-IN-
SULATOR FIELD EFFECT TRANSISTOR WITH AN
AMORPHOUS Si:H GATE, E. Roditi, Foundation
for Research and Technology-Hellas, Herak-
lio, Greece; A.A. Iliadis, University of
Maryland, Electrical Engineering Department,
College Park, MD; and A. Christou, Naval
Research Laboratory, Washington, DC.

D10.34 LATTICE MISMATCH EFFECTS IN GaAsP/
GaAs AND GaAs/GaAsP/GaAs HETEROSTRUCTURES,
Y.W. Choi, C.R. Wie, State University of New
York at Buffalo, Department of Electrical
and Computer Engineering and Center for
Electronic and Electrooptic Materials,
Amherst, NY; and S.M. Vernon, Spire Corpora-
tion, Bedford, MA.

A TEM AND RHEED INVESTIGATION OF
InSb GROWTH ON

D10.35
THE INITIAL STAGES OF
GaAs(00l1) BY MOLECULAR BEAM EPITAXY (MBE),
X. 2Zhang, A.E. Staton-Bevan, D.W. Pashley,
Imperial College of Science, Technology and
Medicine, Department of Materials, London,
United Kingdom; S.D. Parker, R.L. Willianms
and R. Droopad, Imperial College of Science,
Technology and Medicine, Department of
Physics, London, United Kingdom.

D10.36 HETEROEPITAXIAL GROWTH OF InP ON
GaAs WITH INTERFACE LAYER GROWN BY FLOW-
RATED MODULATION EPITAXY, W.K. Chen, J.F.
Chen, J.C. Chen, H.M. Kim, L. Anthony, C.R.
Wie, and P.L. Liu, State University of New
York at Buffalo, Department of Electrical
and Computer Engineering, Amherst, NY.
D10.37 STRAIN AND LAWTICE-MISMATCH IN
(001) AND (111) GalnAs/GaAs STRAINED LAYER
SUPERLATTICES, H.M. Kim and C.R. Wie, State
University of New York at Buffalo, Depart-
ment of Electrical and Computer Engineering,
Amherst, NY; and C.G. Fonstad, Massachusetts
Institute of Technology, Cambridge, MA.

P10.38 RAPID GROWTH OF THICK, IC QUALITY,
GaAs LAYERS FROM A FLOWING SOLUTION, E.E.
Crisman, J.T. Daly, H.J. Gerritsen, C.
Roberts, and D, Schaafsma, Brown University
Department of Physics, Providence, RI.
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METAL~ORGANIC CHEMICAL VAPOR DEPO-
SITION OF InP BY PULSING PRECURSORS, W,.K.
¢hen, J.C. cChen, L. Anthony, and P.L. Liu,
State University of New York at Buffalo,
Department of Electrical and Computer En-
gineering, Amherst, NY.

METALORGANIC MAGNETRON
DEPOSITION (HOMS) OF 1InyGaj_.xSb ON
(100)GaAs, R. Rousina, J.P. Noad, and J.B.
Webb, National Research Council of Canada,
Laboratory for Microstructural Sciences,
Department of Physics, Ottawa, Canada.

SPUTTER

D10.41 CRITICAL THICKNESS OF GaAs/InGaas
AND AlGaAs/GaAsP QUANTUM WELLS GROWN BY OR-
GANOMETALLIC CHEMICAL VAPOR DEPOSTION, Dan
Bertolet, Jung-Kuei Hsu, and Kei May Lau,
University of Massachusetts, Department of
E.C.E., Amherst, MA; and Emil S. Koteles,
GTE Laboratories Inc., Waltham, MA.

D10.42 OPTICAL SPECTROSCOPY OF 2D ELEC-
TRONS CONFINED AT A GaAs/AlGaAs HETEROINTER-
FACE IN A TRANSVERSE ELECTRIC FIELD, 0.X.
Zhao, P. Bergman, B. Monemar, Linkdping
University, Department of Physics and Mea-
surement Technology, Linképing, Sweden; P.O.
Holtz, Link&éping University, Department of
Physics and Measurement Technology, Link&p-
ing, Sweden and University of California at
Santa Barbara, Department of Electrical and
Computer Engineering, Santa B~ _z.a, CA; C.
Hallin, Linképing University, Department of
Physics and Measurement Te:nhr.iogy, Linkép-
ing, Sweden:; M. Sundaram, C.L. Merz and A.C.
Gossard, University of CcCalifornia, Santa
Barbara, Department of¢ Electrical and Com-
puter Engineering, Santa Barbara, CA.

HOT-CARRIER EFFECTS ON OPTICAL
PROPERTIES OF GaAs/Al,Gaj._yAs QUANTUM WELLS,
W.M, Chen, B. Monemar, P.O. Holtz, Llnkbplng
Unlvers1ty, Department of Physics and Mea-
surement Technology, Linképing, Sweden; M.
Sundaram, J.L. Merz and A.C. Gossard,
University of california, Santa Barbara,
Department of Electrical and Computer En-
gineering, Santa Barbara, CA.

D10.44 APPLICATION OF AN ULTRHIGH RESOLU-
TION SPECTROMETER TO THE ANALYSIS OF PHONONS

CHARACTERIZATIWN OF MODULATION
DOPED PSEUDOMORPHIC AlGaAs/InGaAs/GaAs HEMT
STRUCTURES BY ELECTRON BEAM ELECTROREFLEC-
TANCE AND PHOTOLUMINESCENCE, M.H. Herman,
and I.D. Ward, Charles Evans and Associates,
Redwood City, CA; R. Kopf, and S.J. Pearton,
AT&T Bell Laboratories, Murray Hill, NJ; and
E.D. Jones, Sandia National Laboratories,
Albuquerque, NM.

A NEW OXYGEN PLASMA SOURCE FOR "IN-
SITU" GROWTH OF YBaCuO MOLECULAR BEAM EPI-
TAXY LAYERS, M. Touzeau, D. Pagnon, Lab. de
Phys des Plasmas, Parix XI, Orsay, France;
P. lLuzeay, A. Barski, ISA Riber, Rueil-
Malmaison, France; A. Schuhl, R. Cabanel, S.
Koch, J.P. Hirtz and G. Creuset, Thomson
CSF, Orsay, France.

D10.48 GROWTH AND CHARACTERIZATION OF a-
GeySn; .y HETEROEPITAXIAL ALLOYS ON (001)
InSb, E.A. Fitzgerald, P.E. Freeland, M.T.
Asom, W. Lowe, R. MacHarrie Jr., A.R.
Kortan, F.A. Thiel, L. Cocper, G.A. Thomas,
K.A. Jackson, B.E. Weir and L.C. Kimerling,
AT&T Bell Laboratories, Murray Hill, NJ.

ELECTRODEPOSITED CERAMIC SUPERLAT-
TICES, Jay A. Switzer, Michael J. Shane and
Richard J. Phillips, University of Pitts-
burgh, Department of Materials Science and
Engineering, Pittsburgh, PA.

P10.50 THERMAL STRAIN AND PHOTOLUMINES-
CENCE STUDY OF ALMOST LATTICE-MATCHED
INyGaj-yAS]-yPy EPITAXIAL FILMS GROWN ON InP
SUBSTRATE, G. Bai, M—-A. Nicolet, T. Vreeland
Jr., Callfornla Institute of Technology,
Pasadena, CA; S.-J. Kim, R.G. Sobers, J.W.
Lee, M. Brelvi, P.M. Thomas and D.P. Wilt,
AT&T Bell Laboratories, Murray Hill, NJ.

SESSION Dll: OPTICAL CHARACTERIZATION OF
STRAINED LAYERS, OUANTUM WELLS AND
SUPERLATTICES
Chairs: D. J. Glembocki and E. Koteles

Friday Morning, December 1
Salon C/D (M)

D10.49

8:30 *D11.1
STRAIN AND STRUCTURALLY INDUCED OPTICAL
TRANSITIONS 1IN EPITAXIAL SEMICONDUCTORS,

AND PHOTONS IN SOLIDS, J,L. Stehle, and P. . AT&T Bell Laboratories,
Evrard, SOPRA, Bois-Colombes, France; and Murray Hill, NJ.
L.C. Hammond, and J.N. Willis, ARIES/QEI,
Concord, MA. 9:00

STRAIN-INDUCED PHOTOLUMINESCENCE 1IN Si/Ge
D10.45 EFFECT OF ANNEALING ON STRAINED SUPERLATTICES, G.F.A. van de Walle, E.A.
1rGaAs/GaAs QUANTUM WELLS, Emil S. Koteles, Montie, D.J. Gravesteijn, and A.A. van
B. Elman, P. Melman and C.A. Armiento, GTE Gorkum, Philips Research Laboratories,
Laboratories, Inc., Waltham, MA. Eindhoven, The Netherlands.
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9:15

PHOTOLUMINESCENCE EXCITATION SPECTROSCOPY OF
STRAINED InGaAs/GaAs QUANTUM WELLS, Emil S.
Koteles, B. Owens, B. Elman, P. Melman, GTE

Laboratories, Inc., Waltham, MA; D. Bertolet
and Kei May Lau, University of Massachu-
setts, Compound Semiconductor Laboratory,

Department of Electrical and Computer En-
gineering, Amherst, MA.

9:20 D1l.4

CHARACTERIZATION OF INGAAS/GAAS STRAINED SL
BY X-RAY DOUBLE CYRSTAL DIFFRACTION AND
MODULATE PHOTOREFLECTION SPECTRA, L.S. Xiu,
University of Science and Technology of
China, Center for Fundamental Physics,
Hefei, China; Y.T. Wang, Institute of Semi-
conductors, Chinese Academy of Science,
Beijing, China; 2.Q. Wu, University of
Science and Technology of China, Center for
Fundamental Physics, Hefei, China; W.H.
Zhuang, Institute of Semiconductors, Chinese
Academy of Science, Beijing, China.

9:45 Dil1l.5
OPTICAL CHARACTERIZATION OF GaAsP STRAINED
LAYERS GROWN ON (111)-ORIENTED GaP, Mats-
Erik Pistol, Maria Gerling, Anders
Gustafsson, Gert Paulsson, Lars Samuelson,
and Heinz Titze, University of Lund, Depart-
ment of Solid State Physics, Lund, Sweden.
10:00 BREAK

10:30
HIGH PRESSURE OPTICAL STUDIES OF GaSb-AlSb
MULTIPLE QUANTUM WELLS, Benjamin Rockwell,
H.R. Chandrasekhar, Meera chandrasekhar,
University of Missouri, Columbia, Department
of Physics, Columbia, MO; Fred H. Pollak, H.
Shen, Brooklyn College of CUNY, Physics
Department, Brooklyn, NY; L.L. Chang, W.I.
Wang and L. Esaki, IBM T.J. Watson Research
Center, Yorktown Heights, NY.

10:45 R11.7

CHARACTERIZATION OF UNDOPED PSEUDOMORPHIC
InGaAs/GaAs QUANTUM WELLS BY ELECTRON BEAM
ELECTROREFLECTANCE (EBER) AND PHOTOLUMI-
NESCENCE (PL), M.H. Herman, and I.D. Ward,
Charles Evans and Associates, Redwood City,
CA; and A. Dodabalapur, and B.G. Streetman,
The University of Texas, Austin, TX.

11:00

RAMAN CHARACTERIZATION OF InSb/GaAs GROWN BY
METALORGANIC MAGNETRON SPUTTERING, Z.C. Feng
and S. Perkowitz, Emory University, Physics
Department, Atlanta, GA; T.S. Rao and J.B.
Webb, National Research Council, Laboratory
for Microstructural Science, Ottawa, Canada.

11:15 D11.9

LECTRIC FIELD EFFECTS ON THE OPTICAIL PROP-~
ERTIES OF InGaAs/GaAs STRAINED QUANTUM WELLS
AND SUPERLATTICES, K.Gibb, C. Lacelle, and
A.P. Roth, LMS, NRC, Ottawa, Canada; B.
Soucail, N. Dupuis, and P. Voisin, GPS, ENS,
Paris, France; and B.Y. Hua, and E. Fortin,
University of Ottawa, Ottawa, Canada.

11:30

RAMAN STUDY OF MOMBE AND PLASMA-MOVPE GROWN
III-V LAYERS ON 8Si(100), J. Geurts, J.
Finders, RWTH Aachen, I. Phys. Institut,
Aachen, West Germany; H. Minder, M. Kamp, M.
Oehlers, H. Liith, KFA Jilich, ISI, Jilich,
West Germany; J. Musolf, J. Leiber, A.
Brauers, M. Weyers, P. Balk, RWTH Aachen,
Inst. of Semiconductor Electronics, Inst.
HL-Technik, Aachen, West Germany.

11:45

MBE GROWN GaAs ON si(100) STUDIED BY IN-
FRARED SPECTROSCOPY, Thomas Eickhoff,
I.Physics Institut, RWTH Aachen, Aachen,
West Germany; Dietrich R.T. Z2Zahn, and
wolfgang Richter, TU Berlin, Institut
Festkérperphysik, Berlin, West Germany;
David A. Woolf, David I. Westwood, and Robin
H. Williams, Unlversxty of Wales College of
cardiff, Physics Department, Cardiff, United
Kingdom.

SESSION D12: OPTICAL CHARACTERIZATION OF
EPITAXIAL LAYERS
chairs: M. Chandrasekhar and F. Pollak

Friday Afternoon, December 1
Salon C/D (M)

1:30 p12.1
RAMAN SCATTERING FROM AN INTERFACIAL THIN
LAYER OF GaAs HETEROEPITAXIALLY GROWN ON
SILICON SUBSTRATE, JYoshiro Akagi, Mariko
Ishino, Yoshiharu Nakajima, Sharp Corpora-
tion, Corporate R&D Group, Nara, Japan.

1:45
STRESS EVALUATION METHOD USING RAMAN SPEC-
TROSCOPY, Yohko Mashimoto, IBM Japan, Ltd.,

Shiga, Japan.

2:00
ELECTRICAL AND OPTICAL CHARACTERIZATION OF
Insb GROWN ON GaAs BY MBE,
, James Waterman, D. Kurt Gaskill,
Robert Stahlbush, and John Davis, Naval
Research Laboratory, Washington, DC.
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2:15 D12.4

INDEX OF REFRACTION ANISOTROPY IN MISMATCHED
InGaAs/InP HETEROSTRUCTURES MEASURED BY
ELLIPSOMETRY, R. , Massa-
chusetts Instltute of Technology, Department

of Materials Science and Engineering,
Cambridge, MA; and Jesus A. del Alamo,
Massachusetts Institute of Technology,
Department of Electrical Engineering and
Computer Science, Cambridge, MA.

2:30 BREAK

2:45 %D12.5
MODULATION SPECTROSCOPY OF LAYERED STRUC-
TURES, t . G cki, Naval Research

Laboratory, Washington, DC.

3:15
CHARACTERIZATION OF AN ASYMMETRIC TRIANGULAR
MULTIPLE QUANTUM WELL, BY VARIABLE ANGLE

SPECTROSCOPIC ELLIPSOMETRY Craig M,
Herginger, Paul G. Snyder and John A.
Woollam, University of Nebraska, Department

of Electrical Engineering, Lincoln, NE.

3:30 Dl2.7

PHOTOREFLECTANCE OF A GaAs/InGaP(ORDERED)
SINGLE QUANTUM WELL GROWN BY ATOMIC LAYER
EPITAXY, X. Yin, and F.H. Pollak, Brooklyn
College of CUNY, Department of Physics,
Brooklyn, NY; and B.T. McDermott, K.G. Reid,
and S.M. Bedair, North Carolina State Uni-
versity, Raleigh, NC.

3:45
MAGNETO-OPTICAL STUDIES OF 2~D ELECTRONS IN
GaAsAlGaAs SINGLE HETEROJUNCTIONS, K-S. Lee,
C.H. Perry, Northeastern University, Physics

Department, Boston, MA; and J.M. Worlock,
Bellcore, Red Bank, NJ.
4:00 D12.9

MAGNETO-OPTICAL STUDIES OF GaAs-AlGaAs
MODULATION DOPED QUANTUM WELLS UNDER HYDRO~-
STATIC PRESSURE, W, Zhou, C.H. Perry,
Northeastern University, Boston, MA: and
J.M. Worlock, Bellcore, Red Bank, NJ.

4:15
SPATIALLY INDIRECT OPTICAL TRANSITIONS 1IN
SEMICONDUCTOR QUANTUM WIRES, Joseph S,
Weiner, G. Danan, A. Pinczuk, J. valladares,
L.N. Pfeiffer, K. West, AT&T Bell Labora-
tories, Murray Hill, NJ.
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SESSION D OPTI HARACTERIZATION OF
EPITAXJAL LAYERS
Chairs: M. Chandrasekhar and F. Pollak

Friday Afternoon, December 1
Salon C/D (M)

1:30 Dl2,.1
RAMAN SCATTERING FROM AN INTERFACIAL THIN
LAYER OF GaAs HETEROEPITAXIALLY GROWN ON
SILICON SUBSTRATE, Yoshiro Akagi, Mariko
Ishino, Yoshiharu Nakajima, Sharp Corpora-
tion, Corporate R&D Group, Nara, Japan.

1:45
STRESS EVALUATION METHOD USING RAMAN SPEC-

TROSCOPY, Yohko Mashimoto, IBM Japan, Ltd.,
Shiga, Japan.

2:00 D12.3
ELECTRICAL AND OPTICAL CHARACTERIZATION OF
InSb GROWN ON GaAs BY MBE,
n, James Waterman, D. Kurt Gasklll,
Robert Stahlbush, and John Davis, Naval
Research Laboratory, Washington, DC.

2:15 D12.4
INDEX OF REFRACTION ANISOTROPY IN MISMATCHED
InGaAs/InP HETEROSTRUCTURES MEASURED BY

ELLIPSOMETRY, Brian R, _Bennett, Massa-
chusetts Institute of Technology, Department

of Materials Science and Engineering,
Cambridge, MA; and Jesus A. del Alamo,
Massachusetts 1Institute of Technology,
Department of Electrical Engineering and
Computer Science, Cambridge, MA.

2:30 BREAK

2:45 *D12.5
MODULATION SPECTROSCOPY OF LAYERED STRUC-
TURES, Orest J. Glembocki, Naval Reseaich

Laboratory, Washington, DC.

3:15 Dl2.6
CHARACTERIZATION OF AN ASYMMETRIC TRIANGULAR
MULTIPLE QUANTUM WELL, BY VARIABLE ANGLE

SPECTROSCOPIC ELLIPSOMETRY, (Craig M.
Herzipnger, Paul G. Snyder and John A.
Woollam, University of Nebraska, Department

of Electrical Engineering, Lincoln, NE.

3:30 Diz2.7

PHOTOREFLECTANCE OF A GaAs/InGaP(ORDERED)
SINGLE QUANTUM WELL GROWN BY ATOMIC LAYER
EPITAXY, X. Yin, and F,H. Pollak, Brooklyn
College of CUNY, Department of Physics,
Brooklyn, NY; and B.T. McDermott, K.G. Reid,
and S.M. Bedair, North Carolina State Uni-
versity, Raleigh, NC.

3:45
MAGNETO-OPTICAL STUDIES OF 2-~D ELECTRONS 1IN
GaAsAlGaAs SINGLE HETEROJUNCTIONS, K-S. Lee,
C.H. Perry, Northeastern University, Physics
Department, Boston, MA; and J.M. Worlock,
Bellcore, Red Bank, NJ.
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4:00 D12.9 .

MAGNETO-OPTICAL STUDIES OF GaAs-AlGaAs
MODULATION DOPED QUANTUM WELLS UNDER HYDRO-
STATIC PRESSURE, W. Zhou, C.H. Perry,
Northeastern University, Boston, MA:; and
J.M. Worlock, Bellcore, Red Bank, NJ.

4:15% D12.10
SPATIALLY INDIRECT OPTICAL TRANSITIONS 1IN
SEMICONDUCTOR QUANTUM WIRES, Joseph S.
Weiner, G. Danan, A. Pinczuk, J. Valladares,
L.N. Pfeiffer, K. West, AT&T Bell Labora-
tories, Murray Hill, NJ.
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Dl.1

STABILITY OF METAL LAYERS EMBEDDED IN
SEMICONDUCTORS. LP Harbison , T. Sands, CJ. Palmstrgm, N.
Tabatabaie, H.L. Gilchrist, L T. Florez, T.L. Cheeks, R.E. Nahory,
W.K Chan, and V.G. Keramidas, Belicore, 331 Newman Springs Rd.,
Red Bank, NJ 07701-7040.

One of the exciting challenges in the field of heteroepitaxy is the
growth of two dissimilar materials in a single monocrystalline
heterostructure. Perhaps the most interesting combination involves
the growth of buried metal layers embedded in semiconductors, since
such structures have the potential of opening up new classes of
electronic and optoelectronic devices. We have concentrated on the
II-V (ALGa,In)As semiconductor system which allows a wide range
of possibilities both in heterostructure bandgap engineering and in
variation of the lattice parameter. For the buried metallic layer we
have concentrated for the most part on the intermetallic NiAl which
has a cubic CsCl crystal structure with a unit cell only slightly larger
(2.1%) than half that of GaAs and AlAs, and lattice-matched to
In,Ga Questions of stability of these thin metal layers, in
parti during the elevated overgrowth temperatures of 400-600°C
during which the metal is in intimate contact with the surrounding
1I-V, fall into two categories. First are questions of thermodynamic
stability of the metal with respect to the adjacent semiconductor, and
this concern is addressed by the proper initial choice of the metal.
The second are questions of morphological stability: Will the thin film
remain smooth and continuous or tend to agglomerate? The answers
to these questions are more subtle, and depend on the exact sequences
chosen for the overgrowth procedure. With a proper sequence, we
are able to achieve buried NiAl layers electrically continuous as thin as
1 nm, opening up new measurement possibilities for metal films in the
extreme quantum regime.

Dl.2

ELECTRICAL AND OPTICAL CHARACTERIZATION OF MBE
GROWN BURIED METAL (Al,Ga)As/NiAl/(Al,Ga)As DOUBLE
SCHOTTKY DIODES, T.L. Cheek«, T. Sands, R. Nahory,
J. Harbison, N. Tabatabaie, H. Gilchrist, B.
Wilkens, Bellcore, Red Bank, N.J.

The successful growth by MBE of buried metal
heterostructures, such as (Al,Ga)As/NiAl/ (Al,Ga)As,
demonstrated that thin epitaxial and thermally
stable metallic layers could be incorporated within
GaAs. These new material structures have potential
for metal base transistors and novel electronic and
photonic devices. We have demonstrated that these
materials behave as double Schottky barrier diodes
from the current-voltage (I-V), capacitance-voltage
(C-V) and internal photoemission (IPE)
characteristics of a buried 200 A NiAl layer. Using
a selective etch process, three electrodes were
defined in order to investigate the top and bottom
diode characteristics of NiAl/AlAs/GaAs. An
effective barrier height of about 1.1 eV was
measured for both the top and bottom diocdes with
internal photoemission. This value was consistent
with the I-V measurements (n=1.1 and ¢, = 0.982) of
the bottom diode and represented an enhancement in
the barrier height due to the AlAs cladding layer.
However, the effective barrier height of the top
diode, measured by I-V, was lower than the bottom
diode. This effect was investigated using RBS
channeling, photoluminescence and TEM. The data
suggested that the barrier height lowering could be
attributed to planar defects which form at the
NiAl/AlAs/GaAs interface due to the 2 § lattice
mismatch and the difference in symmetry. Further
insight into the effect of defects on the transport
properties at the interfaces and suggestions for
improvements will be discussed.
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V1.3

GROWTH AND CHARACTERIZATION. OF GaAs/RARE-EARTH
MONOARSENIDE/GaAs HETEROSTRUCTURES. P ’
S.J.

S. Mounier, T.G. Finstad, N. Tabatabaie,

Allen, Jr., T. Sands, T.L. Cheeks and P.F. Miceli,
Bellcore, 331 Newman Springs Road, Red Bank, New
Jersey 07701 and J.G. 2Zhu and C.B. Carter,

Department of Materials Science and Engineering,
Cornell University, Ithaca, NY 14853

The rare-earth monoarsenides (REAs) have high heats
of formation and melting points. Furthermore, all
but one have NaCl structures with a lattice

parameter similar to that of Gals,
ideal candidates for buried epitaxial metallic
layers in III-V semiconductors. For example, ErAs
and LuAs have a lattice mismatch to GaAs of ~1.6%
and ~0.4%, respectively. The effect of strain on
the REAs growth itself can be ascertained by
comparing growth of ErAs with LuAs on GaAs and on
the subsequent GaAs overgrowth by characterizing
the overgrown layers. A MBE growth chamber with a
multiple crucible electron beam evaporation source
was used to grow the GaAs/REAs/GaAs structures. The
structural properties of the epitaxial layers were
studied by RHEED during growth, in-situ Auger and
LEED, and ex-situ by RBS, X~ray diffraction and
TEM. RHEED oscillations during REAs growth are
consistent with single layer by layer growth. RBS
with channeling has shown that both LuAs and ErAs
films grown on GaAs are good single crystals with
minimum yields as low as ~7%. Cross sectional TEM
studies show the interfaces to be atomically
abrupt. ErAs and LuAs are found to be semi-metallic
with room temperature resistivity ~70 and ~90u{).cm,
respectively. Electrical continuity has been found
in buried REAs films as thin as 3 monolayers. This
talk will emphasize the growth and characterization
of GaAs/REAs/GaAs epitaxial structures.

making them

Dl.4

EPITAXIAL GROWTH OF MATCHED METALLIC ErPqy gAsg.y LAYERS
ON GaAs ANG ErP cSbg s ON InP IN A MBE SYSTEM.

Guivarc'h A., Le Corre A., Caulet J., Guenais B., Minier
M., Ropars G. Centre National d'Etudes des

Télécommunications, BP 40, 22301 Lannion Cedex, France.

Abstract :

Very recent papers have reported the growth of YbAs and
ErAs single-crystal films on (00l1) GaAs and the metallic
behavior of these rare-earth monoarsenides. We show that
several (rare-earth)-(V element) compounds can be used
for this purpose. We carried out the epitaxial growths
at 500°C of ErAs ( { = 60 pQcm), ErP(P = 150 pQem) and
ErSb ( @ = 60 pficm) on GaAs or InP in a MBE system
equipped with solid and gas sources.

Successfull growth of ErPg gAsg.4 films (? = 80 pQcm) on
GaAE with 8 reproducible lattice mismatch less than 5
104 have been demonstrated. The ErPp gAsg y/n-GaAr
diode yield excellent I-V characteristics with a barrier
height of 0.88 eV. In opposition to the ErAs layers, the
ErPg ¢Asg.4 films are stable in the atmosphere ; thus,
they are excellent candidates for epitaxial metal-
semiconductor structures. The overgrowth of GaAs is

found to be difficult in the case of a (001) GaAs
substrate (island growth) but rather good for (111)
GaAs.

In the case of InP substrates, equivalent structures
were obtained by using a ErPp 5Sbg g ternary compound.

We present the results of the various characterizations
performed by using a set of complementary methods (RBS,
TEM, x-ray diffraction, Rg ., I-V...).




D1.5
ANISOTROPIC STRAIN IN THIN EPITAXIAL CoSiy(110) FILMS

GROWN ON Si( 110). isove, Department of Materials Science
and Engineering, University of Michigan, 2300 Hayward St., Ann Arbor,
MI 48109-2136, D.J. Eaglesham, and R.T. Tung, AT&T Bell
Laboratories, 600 Mountain Ave., Murray Hill, NJ 07974-2070

Growth of single domain epitaxial CoSi, films on Si(110) has been recently
demonstrated. These films contain two distinct sets of interfacial defects
which are generated to relieve misfit strain at two different critical
thicknesses and in orthogonal directions, the <011> and <100>. Films
which are 30 to 80A thick contain only one of these sets of misfit relieving
defects. Consequently, uie misfit strain is relieved in only one direction in
the film. Rutherford backscattering (RBS) rocking curves were collected
about channeling directions in two orthogonal planes to measure the
orthorhombic distortion caused by this defect structure for two thicknesses
of these films. Films were studied at a variety of different thicknesses to
compare the RBS results with ransmission electron microscopy (TEM)
tmages of the same samples. Results will be presented which show that the
80A films are fully relieved in the <110> direction and almost fully strained
in the <100> direction. These measurements will be shown to be entirely
consistent with TEM results.

Dl.e

GROWTH OF EPITAXIAL CoSi2 AND NiSi2 ON (111), (100), and

(110) Si AT ROOM TEMPERATURE. R. T. Tung and F. Schrey,
AT&T Bell Laboratories, Murray Hill, N.J. 07974

The formation of NiSi2 and CoSi2 from evaporated metal films on sin-
gle crystal Si requires an anneal at high temperatures (750°C for NiSi
and 550°C for CoSiz). A high temperature is required because the
nucleation and diffusion processes need large thermal activation. In
this paper, we show that the ‘‘reaction”” of these silicides proceeds
quite adequately at room temperature. It is known that deposition of a
few monolayers (ML) of Co on Si(111) leads to the formation of epi-
taxial CoSi, at room temperature. Here, following the metal deposi-
tion, co-deposition of stoichiometric .CoSiz at room temperature leads
to the growth of thick layers (>200A) of single crystal epitaxial sili-
cide. High quality NiSi2 may also be grown at room temperature on
Si(111) by the depositon of ML Ni and subsequent NiSi2 co-
deposition. This observation is suggestive of NiSi, formation at room
temperature upon ML Ni deposition, a subject “which is presently
controversial. On S$i(100) and (110), nucleation of the disilicide phase
does not occur at room temperature. However, using anncaled thin
layers (< 20A) of CoSi, and NiSi, as templates, it is shown that
homoepitaxial growth of these two silicides take place at room tem-
peature along both (100) and (110) directions. Very high crystalline
quality is found for these room temperature NiSi, and CoSiz layers.
Ion channeling Xmin's of 2-3% are common. 12EM analyses show
(111) films have the type B orientation and the interface dislocations
to correspond faithfully to steps on original surface. Thick (100) and
(110) layers grown at room temperature are single crystals whosc
defect structures conform to the original thin templates. A discussion
of the silicide reaction is also given.

D1.7

FORMATION OF ULTRATHIN NICKEL AND COBALT
SILICIDES ON S1i(111)dJixJd3-B AT ROO|
TEMPERATURE. L._Lug, G. A. Smith”, shin
Hashimoto and W. M. Gibson, Department of
Physics, SUNY at Albany, Albany, NY

The MeV ion channeling technique is sensitive
to the small displacement perpendicular to the
direction of incident ion beam and, therefore,
is an excellent and straightforward probe of
structure quality of thin films and buried
interface. This was used, combined with Monte
Carlo computer simulations, to study the
crystalline quality, the phase of the surface
and the burjied ultrathin metal

Ni d
silicide ¢ and Co)

layers which form upon room

temperature deposition on si(111)dJd3xJ3-B
reconstructed surfaces. The results

indicate that in some cases the metal atoms
initially deposited on Si diffuse to

reaction sites in the fourth layer where

the metal silicides growth begins. Further
deposition of the metal leads to the growth
of metal silicides which is thought to be a
diffusion barrier that stops the supply o

Si atom from bulk onto the surface at 300K
and soon terminates the formatiom of metal
silicides. Subsequent deposition of the metal
atoms (>4ML) forms a pure metal film on top of
the thin disordered silicides.

* Also at GE Corporate Research and Development
Center, Schenectady, NY

D1.8

FORMATION OF HIGH QUALITY Si/CoSi./Si DOUBLE HETERO
-STRUCTURES BY SELF-ALIGNED AND TWO STEP MOLECULAR BEAM
EPITAXY. M, MIYAQ, T.OHSHIMA, N.NAKAMURA and K.NAKAGAWA,
Cent. Res. Labo., Hitachi Ltd., Kokubunji, Tokyo, Japan

The formation and application of high quality S8i/CoSi./Si
double hetero-structures are comprehensively studied. In
these experiments, grooved tterns, with different
dimensions of line & space (submicron - a few ca), were
formed on Si (111) substrates and then CoSi, was grown by
molecular beam epitaxy (MBE) under a stoichiometric beam
condition (Co/8i=1/2). At growth temperatures higher than
400°C, the CoSi. films deposited on the side walls ((211)

orientation) of the grooves agglomerated to reduce the
interface energy between the CoSi; and Si. However, on
the flat (111) Si surfaces, pin hole free CoSi, films
were obtained up to 500°C. In this way, fine patterni

of CoSi. electrodes becomes possible under self-ali
MBE growth by choosing a growth temperature in the range
400C - 500C. In the further experiment, 2-step MBE growth
was used to obtain high quality Si overlayers on the CoSi.
/Si substrates. Here, very thin Si layers were grown at
low temperatures (300 - 400°C) to stabilize the surface
atoms of CoSi, then, on top, thick Si layers have
grown at high temperatures (500 - 600°C). RHEED and SEM
observations showed that the Si/CoSi,/Si structure has
good crystallinity and morphology. In addition cross
-sectional TEM observation revealed that both the upper
and lower interfaces between the CoSi, and Si are
atomically abprgl_)t and smooth. Finally, permeable base
transistors (PBT) were fabricated utilizing this newly
develrm MBE process. A high performance from the PBT's
Gm= /m) was obtained, which agreed well with the
computer simulations. This work was performed under the
management of the R&D Associ. for Future Elec. Dev. as a
part of the R&D of Basic Tech. for Future Indus. suported
by New Ener. and Indus. Tech. Devel. Organ.

D1.9

GRUWTH AND CHARACTERIZATION OF EPITAXIAL CoSi; ON
Si(100). Jorge R. Jimenez, L. Hsiung, K.V. Ramanathan, K. Rajan,
L.J. Schowalter, Center for Integrated Electronics, Rensselaer Poly-
technic Institute, Troy, NY 12180; Shin Hashimoto, Physics Depart-
raent, State University of New York, Albany, NY 12222; R.D. Thomp-
son, B.A. Ek, and S.S. Iyer, IBM T.J. Watson Research Center, York-
town Heights, NY 10598.

Epitaxial CoSi; on silicon is a system of considerable interest, be-
cause of possible novel device applications such as 3-D interconnects
and the metal-base transistor. While much work has been done on
CoSi;/Si(111), relatively little has been done on CoSia/Si(100), which
is considerably more difficult to grow, but may be the technologically
more important system. We have grown films of CoSi; on Si(100) by
MBE and studied them using LEED, RBS, TEM, SEM and resistivity
measurements. The use of a template method, where a thin (10-15 A)
CoSiy film is codeposited at room temperature before annealing and
further codeposition, improves film quality in terms of ion channelling
and resistivity, compared to those grown by straight Co deposition.
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The number and size of grains of other orientations are also sub-
stantially reduced, but are not completely removed. Schottky barrier
heights of &~ 0.7 eV have been determined from I-V and C-V mea-
surements, although the heights obtained from C-V measurements
are higher by as much as 0.1 eV. We have also observed unusually
large tetragonal strain (er = 2.6%) in films =~ 120 A thick. The
dislocation densities observed along the interface by TEM on these
same films is of the order of 10°/m. Assuming all these are misfit
dislocations uniformly distributed with Burger’s vector 1[011] at the
interface gives a strain of ¢; = 1%. It has been found through detailed
examination of TEM diffraction patterns that metastable cobalt sili-
cide stoichiometries may exist suggesting metastabilities which have
not been reported for epitaxial CoSi; growth on Si(111).

D1.10

EVOLUTION OF STRESS DURING HETERQEPITAXIAL GROWTH OF NiSi,
ON (001) AND (111) SILICON SUBSTRATES. H.L. Ho, C.L Bauer, S. Mahajan,
Department of Metallurgical Engineering and Malerials Science, and AG.
Mitnes, Department ot Electrical and Computer Engineering, Camegie Mellon
University, Pittsburgh, PA. 15213.

Thin film stress accompanying the heteroepitaxial nudeation and growth of NiS
resulting from the Interaction of polycrystalline nickel fiims with (001) and (111
sliicon substrates has been measured through the use of a ievered optical beam
technique in the temperature range of 770 - 910°C. Results indicate that stress
decreases during growth of NiSi, on (001) and (111) oriented silicon substrates
whereupon stress remains constant after compiete formation of NiSi,. However,
stress reduction is considerably farger during the tormation of NiSi, on (111}
sificon (2300 - 400 MPa), whereas a comparatively small stress reduction
(<100 MPa) Is observed for NiSi, on (001) silicon. Furthermore, increasing
temperature Increases the magnitude of stress reduction of NiSi, on (111) silicon
while virtually no effect is found for NiSi, on (001} sificon. TEM studies reveal
that for NiSi, on (111) silicon, a/6<112> Shockiey partial dislocations are
associated with steps at the NiSi,/(111) silicon interface. 1t is argued that the
larger decrease In stress of NiSi, grown on (111) silicon is the result of interfacial
glide of Shockiey partial (twinning) dislocations along the (111) composition
plane with concomitant migration of steps. In contrast, the smaller decrease in
stress during the formation of NiSi, on (001) silicon is attributed o the presence
of non-gliding intertacial disiocations of the type a/d<111>,

‘“The authors gratefully acknowledge the financial support of the IBM Center for
Thin Fitm Sciences at Camegie Mellon University.

Di.12

COLUMNAR EPITAXY OF CoSt, ON Si(111), (100}, and {110}.*

R._ W _Fathauer. Jel Propulision Laboratory. California Institute of
Technology. Pasadena, CA; C.W. Nieh, California Institute of
Technology. Pasadena, CA: and Q. F. Xiao and Shin Hashimoto, State
University of New York at Albany, Albany, NY.

Codcposition of cobalt and silicon with Si:Co ratios ranging from 12
to 60 on silicon substrates held at 640-800°C in ultra-high vacuum is
found to result in epitaxial colurins of cobalt distlicide surrounded by
epitaxial silicon. On Si(111), planar transmission electron
microscopy {TEM) analysis reveals no extended defects in either the
silicide or silicon matrix {or growih al 700-800°C. However, growth at
640°C results in a high density of planar twins in the silicon.
Rutherford backscattering analysis reveals channeling minimum
vields for the Co signal as low as 4% and yields for the St signal as low
as 2% for (111)-oriented samples. Independent control of column
diameter and spacing is possible through selection of St:Co ratio and
growth temperature. Average column diameters ranging from 25 to
130 nm with spacings of 80 to 230 nm have been demonstrated.

The shapes of the silicide grains vary considerably for (111). (100).
and (110} sflicon. Both twinned (type B) and untwinned (type A)
silicide grains have been abserved on all three orientations. Most of
the grains on Si(111) are type B, but roughly equal numbers of type A
and type B grams are observed on S1(100) and {110). On Si(100). type-B
qrains assume the shape of platelets with four variants, due to
twinning about the four {111) planes inclined to the surface (100)
plane. Type A grains on S{{100) exhibit serrated edges due to faceting
on (111} planes, as revealed by high-resolution TEM.

L]
Work supported by SDIO and NASA.
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D2.1

HIGH RESOLUTION X-RAY SCATTERING STUDIES OF STRAIN IN
EPITAXIAL THIN FILMS OF YTTRIUM SILICIDE GROWN ON
SILICON(111). incz2-Mir *, M. P. Siegal**, P. A.
Heiney***, J. J. Santiago-Avilés* and W. R. Graham**, Laboratory for
Research on the Structure of Matter, *Department of Electical Engineering,
**Department of Materials Science and Engineering, *** Department of
Physics, University of Pennsylvania, Philadelphia, PA 19104,

We have used high resolution grazing incidence x-ray scattering (GIXS) to
study the in-plane structure of epitaxial YSiy_ films grown on Si(111),
with thicknesses ranging from 85A to S10A." These films were prepared
from a 34A template layer of YSiy. annealed at 700°C, onto which
additonal Y was deposited at about 300°C, a temperature high enough 10
induce silicide formation. All films were annealed at 850°C to achieve
epitaxy, with chi-minimum of 3-4% as measured from backscattering
spectrometry.

YSip_x crystallizes in the AlB7 structure, which is hexagonal, with bulk
lattice parameters a = 3.842 A/ c = 4.414A resp- “ively. This should result
in an almost perfect lattice match 1o Si(111). Ouw. 1¢sults indicate that the
films are strained, and that film strain increases as a function of thickness,
with lattice parameters varying from a = 3.846A / ¢ = 4.142A for the 85A
film to a = 3.877A/ ¢ = 4.121A for the 510A film. We correlate these
results with an increase in pinhole areal coverage as a function of thickness.
In addition, our measurements show no evidence for the existence of
ordered silicon vacancies in the films.

Work supported by an IBM Program of Support for the Materials and
Processing Sciences Grant; NSF-MRL Grant No. DMR-85-19059; and
University of Puerto Rico ARO Grant No. P-22681-MS.

D2.2

SURFACE MORPHOLOGY OF TiSiz FORMED FROM UHV
DEPOSITED Ti ON Si. Hyeongtag Jeon, R. J. Nemanich, J.W.
Honeycutt and G. A. Rozgonyi, North Carolina State University,
Department of Physics and Department of Maierials Science and
Engineering, Raleigh, NC 27695-8202

Of the silicides often considered for 1C applications, TiSiy films formed by
reaction of Ti on Si exhibit lower resistivity and higher temperature
stability. An aspect important for the application is that significant surface
roughening has been observed after annealing to form the silicides. In this
study the island formation mechanisms and the morphology of TiSi2 on Si
are examined and related to the nucleation and growth properties of the
TiSiz film. Ti is deposited on clean, reconstructed Si substrates (ie. 2x1
on $i(100) and 7x7 on Si(111)) at room temperature and also at high
substrate temperature (500°C~800°C). The TiSiz formation process is
monitored with in-situ LEED, AES and ex-situ Raman and the surface
morphology is examined with ex-situ SEM and TEM. Ti thicknesses
between SOA and 400A were examined. The TiSiy formation process
involves Si diffusion at temperatures <400°C, formation of a meta-stable
TiSiy phase at ~500°C, and transformation to the stable TiSiz phase at
~700°C. At ~700°C, in situ LEED measurements show diffraction
corresponding to the reconstructed substrate. This indicated the formation
of islands with clean substrate regions between the islands. The high
temperature required for nucleation of the stable phase is interpreted as an
indication of high surface energy. The microscopy results show smooth
surfaces for TiSi7 formation at annealing temperature ~500°C, and TiSiz
island formation at anncaling temperatures between 600°C and 900°C
depending on the film thickness. The island formation process is
described in terms of a wetting model, and the surface energies for
nucleation and island formation are related.

*This work was supported in part by the National Science Foundation
through grant DMR 8717816 and CDR 8721505.




D2.3
EPITAXIAL GROWTH OF TbSi; ON Si(111). E. H. Kaatz, J. Van

der Spiegel, and W. R. Graham, Laboratory for Research on the
Structure of Matter and the University of Pennsylvania,
Philadelphia, PA 19104

We provide the first description of the epitaxial growth of TbSi;
on Si(111). TbSi, crystallizes in the hexagonal AlB; structure with
a 0.05 mismatch to the Si(111) bulk lattice. In this study, terbium
is evaporated onto Shiraki cleaned silicon wafers and annealed
in UHV to form TbSi, films of 200A in thickness with the
pressure maintained below 5x10-10 torr during all procedures.
Low energy electron difiraction (LEED) shows single crystal
growth with a sharp V3xV3 pattern after an 8500 C anneal. Auger
electron spectroscopy (AES) indicates intermixing at room
temperature with growth following a nucleation type
mechanism. We describe growth procedures leading to a
Rutherford backscattering minimum channeling yield of 7-8 %.
X-ray and transmission electron diffraction (TEM) analyses show
the formation of single-crystalline TbSi; with an orientation of
TbSi,(0001) ! 1Si(111) and TbSix(1010) | 1Si(112). TEM also reveals
pinhole formation with an average size of less than 0.5 um, with
no evidence of an ordered vacancy network in these films. We
also present the first electrical measurements on TbSi,.

This work is supported in part by the NSF-MRL under grant #
DMR 8819885.

D2.4

GROVWTH KINETICS OF Si ON SAPPHIRE BY MHE AS A

FUNCTION OF SUBSTRATE IN-SITU HIGH TEMPERA-

TURE SUBSTRATE ANNEAL. Eliezer Dovid Richmond,

Naval Research Laboratory, Code 6816, Washington D.C.
20375-5000, Jooseph G. Pellegrino, NIST, Gaithersburg, MD
20889, Mark E. Twigg, GBEO-Cemnters Inc., Fort Washington
MD. 20744.

The effects of high temperature vacmm annealing of a
sapphire substrate irm-situ of a W80 Si MBE system on the
growth kinetics has been preliminarily investigated! ard
the resultant material characterized for its crystalline
quality, microstructural defects, and electrical properties?
Here we present a more detailed investigation of the
growth kinetics of MEE Si on (1102) . The sub~-
strates are amealed in a vacum of 10~/ to 1078 mbar for
30 mirutes at 1100°C, 1300°C, and 1450°C. Si films are
grown with a thickness ranging fram 3 mm to 40 m. The
films are found to grow by a Volmer Weber . For

a given substrate annealing temperature, the island size
increases and the islard density decreases with increasing
film thickness. As the amnealing temperature of the
substrate decreases the island size distribution has several
properties: 1) The center of the distribution shifts to
srmaller diameters; 2) The peak height of the distribution
increases; ard 3) the standard deviation of the distribution
decreases

1. J.G. Pellegrino, E.D. Ridmond, amd M, 1wigg, Materials
Research Scciety Proc., vol. 116, p.395, 1988.

2. E.D. Richmond, S. Quadri, A. Kudson, M. Twigy, N.
Green, III International Si MBE Symposium, 30 May - 2

June 1989, Strasbourg France.

Dz.5

A HREM STUDY OF EPITAXIAL FLUORIDE / RARE EARTH
i/ FLUORIDE / GaAs INTERFACES. CJ. Chien, o
J.C. Bravman Department of Materials Science and Engineering, Stanford
University, Stanford, CA 94305. *IBM Research Center, 650 Harry Road,
San Jose, California 95120-6009.

Ultrathin epitaxial rare earth films buried in a host mairix of rare earth
fluorides exhibit magnetic properties significantly different from bulk
crystals. In this paper we report 8 HREM study of such structures which
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complements grazing incidence X-ray diffraction and in situ RHEED studies
of films grown by molecular beam epitaxy.

We find that in NdF,/Y/NdF; structures grown on GaAs (111) substrates
that the GaAs-NdF; interface is atomically rough with a random distribution
of steps and microfacets arising from the initial heat-cleaning stage of
sample preparation in UHV. The NdF; does not replicate this rough
interface and by 70 A thick the NdF; surface roughness is on the order of a
single monolayer. Epitaxy of the rare earth film on the fluoride is
sometimnes accompanied by interfacial replacement reactions evident from
}arg:f local variations in lattice parameter within the metal film near the
interface.

A detailed picture of the defect structure of these novel structures is
developed from this study and the magnetic implications of the defect
structure is discussed.

D2.6

INFLUENCE OF OFF-ORIENTED SUBSTRATES ON HETERO-
EPITAXIAL GROWTH OF (Ca, Sr)F, LAYERS ON 8i (100).

Tetsuroh Minemura and Junko Assno, Hitachi
egearc aboratory, Hitachi, Ltd., Hitachi-shi,

Japan; Kazuo Tsutsui and Seijiro Furukawa, Tokyo
Institute of Technology, Yokohama-shi, Japan.

Hetercepitaxial growth of (Ca,Sr)F., layers on
Si(100) has been investigated for applying it
to GaAs/fluoride/Si structures. Si (100)
substrates off-oriented toward (0Oll) have a
considerable effect on reducing crystal defects
in the epitaxial GaAs layers on then. In this

paper, we will report that the influence of off-
oriented substrates on the epitaxy of (Ca, Sr)F,
/8i(100) is gquite different from that for

GaAs/Si.

(Ca;,Sr,.;)F, layers were grown on exact and
off-oriented 8Si(l100) substrates by molecular
beam epitaxy (MBE). Rutherford backscattering
spectroscopy was employed for evaluating the
crystallinity of the layers.

The minimum channeling yields (X...) for CaF,
layers grown on the exact and 4'off-oriented
8i (100) substrates are small, O0.1-0.15, which
shows no influence of off-oriented substrates
on their crystallinities. On increasing the
mixing composition of Sr, the Xesa«'8 for
(Cay,Sr,.:)F, layers grown on the off-oriented
8i (100) substrates get large, about 0.9,
although those grown on the exact Si(100) are
kept small. This influence of off-oriented
subatrates for (Ca,,Sr,-:)F./Si(100) is quite
the reverse of GaAs/Si.

D2.7

STRAIN IN EPITAX]AL GaAs ON Ce\Fz/Si(l”). L. Schowalier
J.E. Ayers, and S.K. Ghandhi. Ctr. for Integrated Electronics. Rens.
selaer Polytechnic Institute, Troy, NY 12180; Shin Hashimoto and
W.M. Gibson, Physics Department. State University of New York at
Albany; F.K. LeGoues. IBM T.J. Watson Research Cur.: and P.A.
Claxton, Dept. of Electronic & Electrical Eng.. U. Sheffield.

While direct heteroepitaxy of GaAs on Si already has demonstrated
suitable properties for many applications. the high density of thread-
ing dislocations (2107 ¢m=?) and high stress (%10° dynes/em?) will
make it difficult to fabricate minority carrier devices (such as lasers
and solar cells) with reasonable yield and lifetimes. To overcome this
problem, we have attempted to use epitaxial CaF; as an epitaxial
buffer layer between the GaAs and Si subsirate. Layers of (111)
GaAs of approximately 1um were grown on CaF; layers which were
140 and 380 nm thick. The best nucleation conclitions for the GaAs
on CaF;/Si{111) we have observed were at a substrate temperature
of 600 *C which resulted in high quality GaAs films which exhibited
channeling minimum yeilds of 4% and x-ray rocking curve FWHM in
the range of 500 arc seconds. The density of threading dislocations in
the I um thick GaAs layers was observed by TEM to be 107/em?. No
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strain was measured in both sets of GaAs samples within the accuracy
{£1.2x107*) of double-crysial x-ray diffraction measurements. lon
channcling, however, revealed a large tetragonal strain of 3.5x10-"
in the thinner (160 nm) CaF, buffer lavers. No strain wae observed
ig either the CaF; layer or the GaAs laver for samples grown on the
thicker CaF, buffer layer. We have madeled our resulte in terins of
the strain relief mechanisms for GaAs and CaF, which are in good
agreement with the observed results.

D2.8
EPITAXIAL GROWTH OF (100) GaAs ON SOS USING A

SPECIFICALLY DESIGNED MOCVD SYSTEM. T. Nishimura,
K.Kadoiwa,K.Mitsui and 7T.Murotani, Optoelectronic
% Microwave devices R & D Lab., Mitsubishi

Electric Corp. Mizuhara, Itami, 664, Japan,

There have been two main problems in applying
the GaAs-on-Si technique to monolithic microwave
integrated circuits(MMIC’s) and digital 1IC’s,
One is the poor resistivity of Si substrate and
the other is the wafer warpage and the cracks
of the GaAs layer due to the difference of thermal
expansion coefficients between Si and GaAs.
Sapphire is a good candidate for the substrate,

since it is an insulator and has a thermal
expansion coefficient close to that of GaAs.
In earlier studies (1ll1) GaAs has been grown

on sapphire. In this study we have grown (100)
GaAs on Si-on-sapphire(S0S), where various tech-
niques for GaAs on Si can be easily applied.

In order to get a high quality GaAs layer on
SOS with good reproducibility, we intorduced
the new MOCVD system specifically designed for
GaAs on Si technique. This is a full load locked
and automated MOCVD system with two reactors(one
is for Si cleaning, the other is for the growth).

In spite of thick GaAs layer over than 1l5pm,
no crack of the GaAs layer and bending of 1/2
as much as that on the Si substrate are observed.
PL characteristics show much smaller residual
stress. The X-ray FWHM is reduced by the annealing
from 140 arcsec to 65 arcsec at 1l0um of the GaAs

thickness, which 1is surprisingly mnallow data
in highly mismatched systems. The dislocations
are effectively reduced to 3x106 cm-2 by the

annealing and strained laver superlattice.

D2.9

EFFECT OF STOICHIOMETRY ON THE ACTIVATION OF IM-
PLANTED Si IN MBE-GROWN GaAs ON Si. T.S. Kim and Y.C.
Kao, Central Research Laboratories, P.O. Box 655936, MS 147, Texas
Instruments Inc., Dallas, TX 75265

In this work, activation of Si im%lnnted into GaAs-on-Si layers
grown by molecular beam epitaxy (MBE) is studied. It is found that
the Si activation is lower in GaAs on Si than in bulk GaAs and varies
widely. To examine if the low activation of implanted Si is due to
the amphoteric behavior of Si and not due to the defects unique to
GaAs on Si, activation of non-amphoteric dopants such as Be and
S is also studied. Be occupies Ga sublattice and is an acceptor
while S occupies As sublattice and is a donor. The activation of
implanted Be in GaAs on Si is as good as in bulk GaAs, while §
shows much higher activation in GaAs on Si than in bulk GaAs.
These results suggest that no donor- or tor-like defects exist in
high concentration in GaAs on Si and that the amphoteric behavior
of Si is the major compensation mechanism in MBE-grown GaAs on
Si. The increased Si-acceptor concentration and S activation in GaAs
on Si are apparently due to the high density of As vacancies.

To determine if the high concentration of As vacancies is due to
the threading dislocations or due to the growth conditions for GaAs
on Si, we examine the activation of Si implanted into GaAs on GaAs
MBE-layers grown under the conditions similar to those for GaAs on
Si. It is found that the Si activation varies substantially depending
on the V(As)/III(Ga) flux ratio during the MBE growti and layers
grown with the V/III flux ratio used for GaAs on Si shows substan-
tially lower Si activation than bulk GaAs. These results indicate
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that the high density of As vacancies in GaAs on Si is a result of the
growth conditions which require low V/III flux ratio for good surface
morphology. The effect of the threading dislocations does not appear
to be significant compared to that of As vacancies and no clear cor-
relation is found between the density of threading dislocations and

implanted Si activation.

D2.10

SELECTIVE AREA GROWTH OF GaAs ON Si BY ELECTRON-
CYCIL.OTRON-RESONANCE PLASMA-EXCITED MOLECULAR-BEAM-
EPITAXY (ECR-MBE) Tomohiro Shibata, Naoto Kondo,
Yasushl Nanishi, and Masatomo Fujimoto ;

NTT Opto-electronics Laboratories, Atsugi-shi, Kanagawa,

243-01 Japan

The GaAs-on-S! heterostructure is one of the most promis-
ing systems for monolithic integration of electronic and
optical devices. For practical applications, a selective
area growth technique {s considered to be essential. In
addition, this technique Is widely known to reduce
dislocations, cracks, and warpage induced by thermal
stress. Low-temperaturc S{ surface cleaning has also been
the focus of much interest as a key technique for avoiding
degradation of Si devices during heat treatment at around
900°C : such heat treatment is thought to be inevitable to
obtain a clean surface prior to GaAs growth.

In this study, selective area growth of GaAs on Si was suc-
cessfully performed by FCR-MBE at 630°C, the highest
temperature throughout the growth process. This study
builds on the authors' previous work using ECR-MBE:
low-temperature GaAs growth Including surface cleaning,
and selective area GaAs homoeplitaxial growth. GaAs was
selectively grown on Si masked with 100-nm-thick SIN film.
The SIN mask was patterned with l-uzm lines and spaces. The
substrate was cleaned at 630°C by hydrogen ECR plasma
exposure prior to growth, which yields a clean hetero-
interface with no detectable plle-up of either carbon or
oxygen. The growth temperature was Kkept constant without
employing a two-step growth method. A cross-sectional SEM
image revealed that the GaAs layer was selectively grown
only on the unmasked areas, while no GaAs was deposited on
the masked areas. No anomalous growth at the mask edge
was observed in contrast to conventional MOCVD. The mecha-
nisms of low-temperature plasma cleaning and selective
area growth will be discussed in terms of the surface
reactions and kinetics.

D2.11

ELECTRICAL PROPERTIES OF MESA DIODES ON EPITAXIAL
GaAs/Si. KL. Jiso, AJ. Soltyka and W.A _Anderson, Center for
Electronic and Electro-optic Materials, Department of Electrical and
Computer Engineering, State University of New York at Buffalo,
Bonner Hall, Buffalo, NY 14260; and S.M. Vernon, SPIRE Corp.,
Patriots Park, Bedford, MA 01730

Deep level transient spectroscopy (DLTS) and current-voltage-
temperature (I-V-T) studies were performed on MOCVD- grown
GaAs multilsyer diodes on GaAs or Si substrates to study the in-
fluence of beteroepitaxy on electrical properties. A deep level (Ec-0.65
¢V) was found for both GaAs/GaAs and GaAs/Si structures and is
hence related to inherent defects of the GaAs epitaxial layer. For
GaAs/Si, a continuous distribution of trap Jevels was also observed
which could be sttributed to misfit dislocations. I-V-T data revealed
the saturation current density of GaAw/Si diodes to be four orders in
amplitude higher and less temperature dependent than for
GaAs/GaAs ones. The diode ideality factor (n) increased linearly
with VT for GaAs/Si diodes but was relatively temperature inde-
pendeant for GaAs/GaAs diodes. The slopes of the J-V data were in-
variant with temperature for GaAs/Si diodes indicating tunneling to be
the predominant mechanism. For GaAs/GaAs diodes at high forward
bias, SRH recombination due to deep levels was observed. Arrhenius
plots indicated an activation energy (Ea) of 0.60eV. At low forward
bias voltages, the slopes of the I-V data showed less temperature de-
pendence, multiple mochanisms, and activation energies of 0.27¢V and
036¢V. A model using intraband multistep tunneling is utilized in ex-

plaining the data.
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D2.12

HIGH QUALITY GaAs ON SOI BY MOCVD., N.H. Karam, V.E.
Haven, S.M. Vernon, Spire Oorporation, Patriots Park,
Bedford, MA 01730; N.A. El-Masry, North Carolina State
University, Raleigh, NC 27615; and N. BHaegel, University
of California, Los Angeles, CA 90024.

Epitaxial Gaas films have been tully deposited on
3-inch diameter silicon wafers with a buried oxide by
MOCVD. This is important due to the potential for three—
dimensional integration of optical and electronic devices
in addition to combining two technologies for radiation
hardness. The silicon on insulator waters were prepared
using the Separation by IMplantation of OXygen process.
Direct (100) silicon and 2 degrees off (100) towards <110 >
wafers were implanted with oxygen. ‘The implanted wafers
were then annealed at 1300°C for € hours in a nitrogen
ambient to form a continuous buried oxide typically 4000 J §
thick and a regrown Si over layer approximately 1400 A.

The MOCVD deposition of GaAs on SOI took place in a SPI-MO
cvD™ 450 reactor operated at atmospheric pressure using
the standard tvo-step deposition technique for GaAs on Si.
T™he surface morphology of the deposited films was found
comparable to state of the art GaAs on Si films grown in
the same reactor. Transmission Electron Microscopy (TEM)
showed that the deposited films are of single domain and
are of excellent quality, We have employed defect reduc—
tion techniques such as thermal cycle growth and strained
layers to improve the quality of the deposited films., Two
orders of magnitude reduction in defect density and a fac-
tor of 50X increase in the photoluminescence intensity
have been observed. We will report on our progress in
producing high quality GaAs on SOI and the comparison with
GaAs on 8i.

D4.1

FUNDAMENTAL ISSUES IN HETEROEPITAXY: A DOE
COUNCIL OF MATERIALS SCIENCE PANEL REPORT. Paul
S. Peercy, Sandia National Laboratories,
Albugquerque, NM, (Panel Chairman)

A Panel comprised of members from academia,
government labs and industry was convened by the
Department of Energy Council on Materials
Science January, 1989, to assess the current
understanding of epitaxy and, based on this
understanding, to recommend potentially fruitful
research directions in this area.

Panel members were: E. G. Bauer (Tech.
Universitat Clausthal), B. W. Dodson (Sandia
National Laboratories), D. J. Ehrlich (MIT
Lincoln Laboratory), L. C. Feldman (AT&T Bell
Laboratories), C. P, Flynn (U, Illinois), M. W,
Geis (MIT Lincoln Laboratory), J. P. Harbison
(Bellcore), R. D. Kelley (DOE~ Basic Energy
Sciences), R. Matyi (U. Wisconsin),
P. M. Petroff (U. California~SB), J. M. Phillips
(AT&T Bell Laboratories), P. S. Peercy -
Chairman (Sandia National Laboratories),
G. B. Stringfellow (U. Utah) and A. Zangwill
(Georgia Inst. Technology).

The Panel considered heterocepitaxy between
metals, insulators and semiconductors and the
new types of artificially structured materials
vhich can now be grown by advanced epitaxy
techniques. The principal findings of the
Panel, with emphasis on future directions
identified by the Panel, will be summarized in
this presentation.
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D4.2

THE ROLE OF AN INTERFACE MISFIT DISLOCATION IN BLOCK-
ING THE GLIDE OF A THREADING DISLOCATION IN A STRAINED
EPITAXIAL LAYER. L. B, Freund, J. C. Ramirez and A. Bower, Division
of Engineering, Brown University, Providence, RI.

A general definition of the driving force for glide of a threading dislocation
in a strained epitaxial layer is adopted to consider the interaction of dislo-
cations on intersecting glide planes. This definition of driving force includes
the possibility of glide through a region of spatially nonuniform stress, which
is the situation in such an interaction. The analysis is based on the theory
of elastic dislocations.

For the case of materials with cubic symmetry and an interface with normal
direction [001], a straight 60 degree misfit dislocation is assumed to exist
at the interface. This dislocation is supposed to have been formed by glide
on a {111} plane. A threading dislocation on an intersecting {111} plane,
which also leaves behind a 60 degree interface misfit dislocation, approaches
the stationary dislocation. The traction induced on the glide plane of the
threading dislocation by the stationary dislocation is determined for all
combinations of Burgers vectors for the interacting dislocations, and the
influence of this traction on glide is assessed. The results indicate that the
effect is significant in blocking the glide of the threading dislocation for large
mismatch strain and for layer thickness near the critical thickness.

For the case of an embedded strained layer, a kinetic law for thermally
activated glide is invoked to study the change in shape of the threading
dislocation during interaction with a stationary misfit dislocation. Results
are obtained by imposing the kinetic law pointwise along the line of the
threading dislocation, where the influence of the induced traction calculated
in the foregoing interaction analysis is included in the driving force. The
process is simulated numerically, and the results support the conclusion
that the interaction can significantly retard the progress of a threading
dislocation.

D4.3

SURFACE STRESS EFFECTS ON EPITAXY. K. Sieradzki and
R.C. Cammarata, Department of Materials Science and Engineering, The
Johns Hopkins University, Baltimore Maryland 21218, USA

We present an analysis of the thickness dependence on misfit required
for the maintenance of epitaxy for the simple overlayer-substrate system.
The analysis is similar to conventional equilibrium elastic theories except
that we include an extra term into the overall energy balance which
arises from surface suress effects. As an approximation we assume
linear elastic behavior of the film. Physically, the effect of the surface
stress is to introduce a thickness dependent lattice parameter for the free
standing overlayer, ic., for an overlayer disconnected from the
substrate. Consequently, a completely incoherent interface is not
defined as an overlayer which is relaxed to its bulk equilibrium lattice
parameter, but rather an overlayer relaxed to a thickness dependent
lattice parameter which is set by the magnitude of the surface and
interfacial stress for interfaces in the system. Our results indicate that
surface stress effects can have a significant effect on critical thicknness.
For example using typical values of the relevant parameters for metals, a
0.004 positive misfit (asubstrate > afjlm) results in a_critical thickness
of 4.5 nm when surface stress effects are included, compared to a
value of 12 nm when surface stress effects are ignored. For a 0.004
negative misfit the critical thickness is predicied to be =18 nm.
Incorporation of non-linear elastic effects into the surface stress term
would alter these predictions, and these studies are presently underway.

D4.4

MICRODIFFRACTION FROM CLEAVED 8i-8ij.xGey
MULTILAYERS. W. T, Pike, Cavendish Laboratory, Madingley Road,

Using the nanometer probe available in the dedicated scanning
transmission electron microscope local structural information can be
obtained from individual layers in [l(l)] fpown Si-Sij.xGex multilayer
structures. Furthermore the small size enables cleaved

with their very large wedge angles lobe analyzed in cross-section.
Diffraction patierns are shown from multilayers of varying composition




and periodicity. Analysis of the pattemns

Laue zone (holz) reflections in the high angle excess ring rather than the
holz deficit lines in the zero order beam more usually recorded, as it has
proved difficult to obtain consistently clear deficit The behaviour

concentrates on the higher order

patierns.

of the excess holz reflections indicates the transition from a strained layer
superlattice to a dislocated structure as the thickness of the layers
increases for a given composition. These results are discussed with
Tespect to possible strain relaxation mechanisms in these samples.

D4.5
ELECTRON CHANNELING ANALYSIS OF ELASTIC STRAINS IN

InGaAs THIN FILMS. R._Kellexr, W. Zielinski, W.W.
Gerberich, and J. Kozubowski, University of
Minnesota, Minneapolis, MN.

Elastically-strained layers in thin film systems
have received a great deal of attention recently.
Of particular interest are the opto-electronic
processes in these strained systems and their
potential failure due to defect mechanisms.
Proper characterization of the elastic and plastic
strain fields arising from lattice-mismatched
epitaxy is therefore essential to a better
understanding of these items.

In,Ga,_,As (x=0.05) thin films were grown by MBE on

(100) GaAs substrates. The associated 1.3%
lattice mismatch resulted in the development of an
elastic strain field in the system. Electron
channeling patterns (ECP) were then obtained from
these samples in an SEM at different accelerating
voltages. This allowed ECP’'s to be obtained from
various information depths within the samples.
Crystallographic data was therefore collected from
both sides of the InGaAs/GaAs interface after the
entire system was produced. An image analysis
system was used to measure interplanar spacings
and hence elastic strains from the patterns,

Lateral strains parallel to the interface varied
with distance from the interface. The strain
fields also varied with film thickness.
Implications on misfit dislocation formation and
the relevance of the ECP technique for elastic
strain characterization will be discussed.

D:.6

GROWTH AND RELAXAtiunv OF STRAINED HETEROSTRUCTURES. J.Y
Tsao. Sandia  National Laboratories, Albuquerque, NM
87185,

How growth conditions correlate with the structural per-
fection of strained epitaxial films is an interesting and

fundamental materials science question. The original
equilibrium theories of van der Merwe, Matthews, and
coworkers predicted that, below a critical thickness,

lattice mismatch would be accomodated entirely by film
strain. Above this thickness, film strain would be partly
relieved by misfit dislocations.

In many semiconductor systems of interest, however, these
theories are too simple. Often, structures which should
exhibit strain relief do not, and other structures which
should not, do. The issue is not merely an academic one:
current state-of-the-art heterostructure devices require
epitaxial layers as highly strained as possible. In this
talk, recent work will be reviewed which has helped
resolve this question, and which has led to a unified view
of the stability and metastability of strained epitaxial
films.

This work was performed at Sandia National Laboratories
and was supported by the U.S. Department of Energy wunder
Contract DE-AC04-76DP00789.
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D4.7
ALTERNATE ROUTES TOWARD MISMATCH ACCOMODATION IN STRAINED-

LAYER STRUCTURES. Brian W, Dodson, Sandia National Labs,
Albuquerque, NM 87185

A great deal of work on the problem of stability and
relaxation of strained-layer structures has recently been
carried out. This has led to a basic understanding of
mismatch accomodation via  biaxial strain and the
mechanisms and associated kinetics of structural relaxa-

tion wvia plastic flow. Accomodation of lattice mismatch,
however, need not be accomplished solely by biaxial strain
and/or glissile misfit dislocations. Other possible
approaches include interdiffusion, formation of ordered
alloys, spinodal decomposition, lattice tilt, and various
forms of pseudomorphic growth. In this paper, the roles
of lattice tilt, 3-d growth mode, and glissile generation
of edge dislocations will be discussed, based on continuum

and atomistic models of the energetics of the competing
structures.
This work was performed at Sandia National Lsboratories

and was supported by the U.S. Department of Energy under
Tontracr DE-AC04-76DP00789.

D4.8

A STUDY OF DISLOCATION BENDING PROCESSES AT
STRAINED LAYER INTERFACES. S.A. Hussien, NLA, El-Masry,
J.C.L. Tarn, J.-R. Gong and S.M. Bedair. Electrical and Computer
Engineering Department, N.C. State University, Raleigh, North
Carolina

An energy model was developed to evaluate the minimum critical
layer thickness in strained layer structures that is required to block
threading dislocations. The model caiculates the change in the sys-
tem energy that results from the presence of a bent dislocation seg-
ment at the strained interface. Calculations show that a threading
dislocation has to overcome an energy barrier before gliding along
the interface, indicating that the bending process is thermally
activated. Also, bending of the dislocations becomes more favorable
by increasing the value of the strain and/or thickness of the strained
film.

The predictions of this model were experimentally verified by investi-
gating the interaction of dislocations with strained layer superiattices
in GaAs grown on Si. Three sets of GaAsP/InGaAs strained super-
lattice buffer layer structures were epitaxially stacked, with layers
having the lowest strain closest to the GaAs/Si interface. The values
of the strain used in this study were 0.0075, 0.0108 and 0.0135. Such
structures were studied by TEM, both as grown and after cycle
snnealing. We found that the length of the bent disiocation segment
increases with the value of strain, and annealing greatly enhances the
process of dislocation bending.

We will report on how the above findings can impact in the quality
of GaAs grown on Si substrates.

D4.9

DISLOCATION DENSITY REDUCTION IN GaAs EPILAYERS ON
SILICON USING STRAINED LAYER SUPERLATTICES. S.
Sharan, M. Sanganeria, K. Jagannadham and J. Narayan, Dept.
of Materials Science and Engineering, North Carolina State
University, Raleigh , NC 27685-7916

We have investigated the role of strained layer superiattices
(inGaAs/GaAs) in reducing the threading dislocation density in
GaAs epilayers grown on silicon substrates by Organometallic
Chemical Vapor Deposition. Various combinations of superiattice
layers have been used 10 study the effect of superiattice period,
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thickness and composition on the reduction of dislocation density.
The interaction of threading dislocations with the strained iayer
superiattices has been studied using cross-section and plan view
transmission electron microscopy. The use of the strained layer
superiattices is found to lower the threading dislocation density in
the epilayers. The period and the thickness of the superattice
layers have been tailored such that misfit dislocations are formed
by the bending of threading dislocations and not by nucleation of
misfit disiocations. We have developed a model for analyzing the
bending of threading disiocations at the strained supenrattice
interfaces. This model is based on the energy balance between
the coherent energy of the superlattice and the energy required to
bend threading dislocations at the superattice interface.

D4.10

THE KINETICS OF STRAIN RELAXATION IN InGaAs/GaAs
STRAINED MULTILAYERS David C, Paine and Morgan Kurk, Brown
University, Providence, Rhode Island, and Robert N. Sacks, Timothy C.
Eschrich, and William J. Tanski, United Technologies Research Center,
East Hanford, Connecticut.

In this paper we report on our studies of strain relaxation in highly strained
ln,Gn(x.\,sAslGaAs (0.1<x<0.3) multilayers grown by MBE on GaAs at
420°C. We have characterized defect densities and strain relaxation using,
principally, TEM and double crysial X-ray techniques. The thickness of the
films that were studied (20 penods repeating with = 10 nm InGaAs/10 am
GaAs) far exceeds the critical thickness predicted by strain encrgy
calculations. Nevertheless, the as-grown misfit dislocation density that was
measured is well below this level due to limited defect nucleation and
growth kinetics at the deposition ture, We have studied the rate at
which strained films relax as a function of post-growth anncaling time and
temperature.

A global activation energy was determined for dislocation nucleation and
growth in our system by determining the degree of relaxation (dislocation
density) as a function of time and temperature. To do this we performed
proximity anneals at temperatures between 500 and 1100 °C in a RTA and
measured, by plan view TEM, the resulting dislocation -density. In
addition, long time anneals (from 1 to 48 hrs) at the growth temperature
(420°C) were used to accurately determine the rate of defect nucleation and
growth that is expected during multilayer deposition in the MBE.

In addition, defect interaction and multiplication mechanisms have been
documented. For example, cross-sectional TEM micrographs have been
obtained that strongly suggest a mechanism for the formation of "v"-
defects in the GaAs buffer layer. We have shown that the strain ficld
sl (v peapendiouir ing dirscion e paraie Burgens vecwn) ying
it (with a urgers vector) lying
in the substrate/multilayer interface into the substrate. i

D541

PROPLERTIES AND DEVICE APPLICATIONS OF Si,_,Ge, ALLOYS.
Subramanian §. Iver. IBM Rescarch Division, T.J. Watson Research Center, PO
Box 218 Yorkiown Heights, NY 10598.

Using low temperature epitaxial growth techniques, pseudomorphic Si,.,Ge, al-
loys may be grown cither on Si substrates or on suitably modified relaxed buffer
layers of differing composition and lattice constant. It is thus possibie to synthesize
heterostructures with a wide vaniety of bandgaps and relative band alignments.
Such structures have several device applications, such as heterojunction bipolar
transistors and resonant tunnelling diodes. In this paper we review the properties
Si’Si,_,Ge, heterostructures in the context of device processing. These include
considerations for the growth of abrupt heterostructures, and the stability of the
heterostructures 10 thermal processing and oxidation. Heterojunction bipolar
transistors with Si,_,Ge, bases and resonant 1unnelling devices have been fabri-
catec. We review the design criteria and present some principal results. It will be
shown that the use of Si,_,Ge, alloys can provide significant leverage in Si tech-
nology.

D5.2

THE GROWTH MECHANISM OF EPITAXIAL S8ice
HETEROSTRUCTURES PRODUCED BY WET OXIDATION OF

AMORPHOUS SiGe THIN FYLMS. S.M. Prokes, U.S.
Naval Research Laboratory, Washington, D.cC.
20375; and A.K. Rai, Universal Energy Systems,
Inc., Dayton, OH 45432,

Epitaxial SiGe/Si structures have been formed
by annealing from amorphous SiGe films deposited
on a $i(100) substrate at a pressure of 1x10~’
Torr. Under vacuum or nitrogen ambient
annealing, the resultant films vere
polycrystalline, but when subjected to wet
oxidation at 900°C, they were found to be
epitaxial. The results which will be discussed
indjcate that the presence of an initial native
oxide precludes solid phase epitaxy (SPE) under
standard annealing conditions, but epitaxy can
be achieved under oxidation conditions. The
effect of initial Ge concentration on the
oxidation rate, oxide trapping of Ge, and the
epitaxial growth rate will also be covered. The
analysis techniques applied include reflection
electron diffraction (RED), ellipsometry, cross-
sectional and plan-view TEM, and Rutherford
Backscattering.

D5.3
SOLID PHASE EPITAXIAL REGROVTH OF Gexsi _ ON [100] si
0.Z.Hong, A.J.Yu, J.VW.Mayer, Depafrtmen of Materials

Science and Engineering, Cornell University, Ithaca, Newv
York 14853; J.M.Poate, J.C.Bean, D.J.Eaglesham, ATET Bell
Labs, Murray Hill, Nev Jersey 07974

Solid phase epitaxial regrovwth of Ge_ Si (4%<x<60%X) on Si
has been investigated. The MBE g§ouA'6e Si vas first
amorphized by 300-500 keV Si ion beam$ betore being
annealed in a vacuum furnace in the temperature range of
475 to 575 °C. For samples with low Ge content(x<8Z), the
epitaxial regrowth proceeded in a layer by layer fashion,
vith the regrowth rate linearly proportional to the
annealing time. The minimum yield recovered to 4X vhen the
entire film vas recrystallized. However samples with more
Ge concentrations exhibited a non-planar-recrystalization
behavior, as indicated by both Rutherford backscattering
spectrometry and transmission electron microscopy.
Furthermore the minimum yield of the Ge rich samples after
regrowth was several times larger than that in the
as-deposited state.

DS5.4

SOLID PHASE EPITAXIAL REGROWTH OF SiGe STRAINED LAYERS
AMORPHIZED BY ION IMPLANTATION. B. J. Robinsonm,

B.T. CHILTON & D.A. Thompson, Centre for Electrophotonic
Materials and Devices, McMaster University, Hamilton, Ont.,
Canada L8S 4Ml.

Capped strained layers of Sil_ Ge_ on (100) Si growm by
molecular beam epitaxy and inifiafly coherent have been
amorphized by ion implantation at 40K with 120 keV ast,
Subsequently, the structures have been regrown by solid
phase epitaxy at 600°C for 300s. Rutherford backscattering/
channeling and transmission electron microscopy have been
used to characterize the structure of the layer before

and after implantation, and after regrowth. The measure-
ments yield the range of concentration and strained layer
thickness over which solid phase epitaxy can be used to
recover the f.itial coherency strain. Results are compared
with theoretical models of equilibrium and metastable
strain states,
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D5.5

REDUCTION OF DEFECT DENSITY IN HETEROEPITAXIAL Ge,Si,
GROWN ON PATTERNED Si SUBSTRATES. E.A. Fiuzgerald, PE

Freeland, Y.-H. Xie, AT&T Bell Laboratories, Murray Hili, NJ 07974.

We have grown MBE Ge Si,_x semiconduclor alloys on mesas fabricated on
(001) Si substrates. Singfe layer films with x<0.5 were deposited on mesas
25-200 microns in lateral dimensions, as well as large area control specimens.
Threading dislocation densities were measured with chemical etching and
transmission electron microscopy (TEM), and misfit dislocations were revealed
using chemical etching and plan-view TEM.

For low strain levels, we see a reduction in misfit and threading dislocation
densities as compared with the unpatiemed, large area growth. Wet-etching
shows a large decrease in threading dislocation density, and we observe mesas
in TEM which are dislocation-free. The effect of heterogeneous nucleation
sources of misfit dislocations are limited to the mesa which contains the
source; i.e. the yield of low defect density area increases due o the
confinement of the dislocation source.

For high strain Jevels, the average misfit dislocation length becomes much less
than our 25 micron mesa, resulting in less effective defect reduction. We will
discuss our latest results concerning defect reduction for layers with higher
misfit stress.

By examining relaxation of heteroepitaxial films with a range of strain levels
on mesas, a clear correlation is made beiween the amount of relaxation in a
strained film and the available sources for misfit dislocation nucleation.

D5.6

ENXPERIMENTAL STUDIES OF KINETIC EFFECTS IN
STRAINED LAYER EPITAXY R.Hull and J.C. Bean, AT&T Bell
Laboratories. 600 Mountain Avenue, Murray Hill, NJ 07974.

The reiaxation kinetics of strained layer epitaxy in the
Ge, Siy./Si system is studied by transmission electron microscopy
(TEM} of structures which are annealed both in-situ and ex-situ
from the microscope. In-situ annealing in the TEM allows direct
dyvnamic observation of the introduction, propagation and
interaction of misfit dislocations. Annealing in the original
molecular beam epitaxy growth chamber serves as a control for the
in-situ annealing experiments, and also allows us to investigate the
effects of the presence/absence of an amorphous surface native
oxide on dislocation nucleation and propagation.

The in-situ experiments enable us to quantify and to decouple
dislocation nucleation, propagation and interaction processes. The
relative importance of these processes depends crucially upon layer
thicknesses and compositions and upon the structure geometry.
At low lattice mismatch strains (x <~0.25 in GeySij_y),
relaxation is nucleation-limited as the density of pre-existing defect
sources in the material is insufficient to allow effective relaxation.
At higher strains extra sources, such as half-loop nucleation at the
growth surface, are generated. Dislocation velocities vary widely
from A.sec™! to um.sec™! at the growth temperature of 550°C,
depending upon the structure geometry. Single Ge,Si,_, layers
vrown upon a free Si surface are very thermally unstable:
annealing to temperatures > the initial growth temperature
immediately initiates motion of pre-existing dislocations.
Comparable Ge,Si;_, layers buried beneath a Si cap of the order
of thousands of A thick, however, exhibit far greater thermal
stability, with dislocation velocities three orders of magnitude
lower than in the single interface structure. Finally, we find that
dislocation interactions can be the crucial limiting process in
determining the strain relaxation rate in very thin epiiayers, inter-
dislocation forces defining an effective "critical thickness” below
which defects may pin each others motion.

D5.7

THE 2D-3D TRANSITION IN THE MBE GROWTH OF Ge/Si
D.]. Eaglesham and M. Cerullo, AT&T Bell Laboratories, 600
Mountain Avenue, Murray Hill, NJ 07974, USA

The growth of Ge and high Ge content alloys on Si is a subject
of increasing technological interest, particularly at high Ge

levels where the band offsets are large. The maximum Ge
content attainable during growth of such films is normally
imposed by the transition from 2D layer-by-layer growth to 3D
island growth. Previous RHEED and RBS studies of very thin
Ge layers have suggested that islands forming at this unwetting
transition are already relaxed by misfit dislocations.

Here we present a study of the nucleation and growth of Ge
(and high-Ge alloys) on Si (and SiGe) by MBE. A combination
of in-situ RHEED and Auger with ex-situ TEM is used to study
the kinetics of the transformation as a function of temperature,
and surface cleanliness. It is shown that islands are
dislocation-free when formed, and grow without the
introduction of misfit dislocations up to island thicknesses far
in excess of the critical thickness (up to =10 h.). This
phenomenon is explained in terms of strain relaxation by
island deformation. The implications of these observations for
the growth of high-Ge alloys are discussed.

D5.8

MORPHOLOGY OF GE FILMS GROWN LAYER BY LAYER ON Si(ho1) EK.
LeGoues, M. Copel and R.M. Tromp IBM Research Division, Thomas 1. Watson
Research Center, Yorkiown Heights, NY 10598,

The preferred mode of growth for germanium on Si(001) is layer by layer for three
monolayers, followed by islanding. The resulting morphology consists of a com-
pletely relieved Ge layer, where tbe relief is accomplished by a network of dislo-
cations. In the present work, we have sindied the morphology of 15 monolayers
thick Ge films that have been forced to grow Jayer by layer by saturating the Si sus-
face with As prior 1o Ge growth. In this case, no dislocations are observed. Instead,
the strain is relieved by a povel, never before abserved defect, cousisting of two 9
boundaries and a twin plane. These defects are formed catastrophically and only
involve local rearrangement of aloms. We explaip this unusual morphology by the
absence of nucleation sites for dislocations during layer by layer growth. This also
means that islanding. or rather, the edges of island must be a necessary condition for
dislocation formation during MBE.

D5.9

MISFIT DISLOCATION NUCLEATION AND MULTIPLICATION AT
Ge,Sit. x/Si INTERFACES. D.D. Perovic, G.C. Weatherly, Dept. of
Metaliurgy and Materials Science, University of Toronio, Toronto Canada
M5S 1A4; and D.C. Houghton, Division of Physics, National Research
Council, Ottawa Canada K1A OR6.

In the smdy of elastic strain relaxation in semiconductor heterostructures, a
number of misfit dislocation generation mechanisms have been suggested
to account for the high interfacial dislocation density observed in these
almost defect-free crystals. Several GeySiy.x/Si heterostructures, both in
the as-grown and annealed condition have been studied using ransmission
electron microscopy. The results indicate that some of the popular theories
of dislocar >n generation are less important or not applicable based on both
theoretir  and experimental considerations. Specifically, it will be shown
that (i) :erogeneous sources in these so-called "perfect’ crystals play a
dominant role in the operative nucleation mechanisms, (ii) the Hagen-
Strunk dislocation nucleation mechanism is inoperative under most
conditions in this system and (iii) the strain relaxation behaviour during
growth may be different from that observed in metastable structures
annealed after growth.

D5.10

DISLOCATION BEHAVIOUR IN Ge,Sij.x EPILAYERS ON (001)Si;
*$, D.M. Maher**, and C.J. Humphreys®, *Department of
Materials Science and Engineering, The University, Liverpool L69 3BX,
fLawrence Berkeley Laboratory, 1 Cyclotron Road, Berkeley, CA 94720,
SAT&T Bell Laboratories, 500 Mountain Ave., Murmy Hill, NJ 07974
We have observed that the nature of misfit dislocations introduced
near the critical thickness in Ge,Sij.x alloys on (001)Si changes markedly
in the region 0.4 < x < 0.5. At or below the lower end of this
itional range, the observed microstructure is comprised aimost
entirely of 60° type dislocations, while at the high end, the dislocation
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structure is almost entirely Lomer edge q?e. As a consequence of this
change, the dislocation density at the top of the epilayer varnies by a factor
of 1000. Similarly, several other observables (¢.g. dislocation length and
spacing) also change appreciably. . .

Part of the reason for the morphological variation seems to be a
change in the source for dislocation introduction, in conjunction with a
change in glide behaviour of dislocations as a function of film thickness.
Evidence will be presented that indicates strain, as well as thickness, has a
critical value for some dislocation introduction mechanisms, and that these
together determine the resulting microstructure.

Furthermore, it appears unlikely that the edge-type Lomer
dislocations which appear at about x = 0.5 are either introduced directly by
climb, or grown in, as in the three-dimensional island growth and
coalescence which occurs when x approaches unity, Instead, a two-step
mechanism involving glissile dislocations is proposed and discussed.

D6.1

METASTABILITY IN SINGLE CRYSTAL EPILAYERS AND
SUPERLATTICES GROWN RY MKE. R. Du ard CP. Fiynn
Materials Research Laboratory and Department of Phy-ics,
University of lllinois at Urbana-Champaign, 104 S. Goodwin,
Urbana, IL 61801

We have discovered that the (1102) planus of hexagowial i . ls
can be giown tilted on the 211 plenec of ber metals. The ep. 3, ¢~
grows as a coherent, unstrained single crystal. In effect it forms o
low angie asymmetrical tilt boundary with the substrate. A
regular arrangement of dislocations evidently glides to the
interface driven by the long range epitaxial strain, (hereby
relieving the elastic strain energy. Tilt angles up to 7" can be
designed, a~d the angle predicted from the requireinent of
interfacial coherence with zero long rarse e~:l Gy, .ot
range 0-7° the observed tilt ang s ayree v ite. the predictic.w to
0.1° Intertacial processes w. h *his elega. ., prectsion and
simplicity do not appear to Lav. been obseryed before. Tne
selection of one of two equl: alent tilts 'nvolves a symmetry
breaking that depends on the .miscut of tne sapphite substrates
employed heére for bec growtn. Fus.ible applicatiors of
superlattices prepared in thjs wa* for x-ray and neutron optics
are discusszd.

This research was supported in | rt by ti e Dapartment of
Energy, Division of Matzriais Sai nee “ontra -t DE-AC 02-
76ER01198.

D6.2

MICROSTRUCTURE OF FCC/BCC METAL MULTILAYERS. Niiel.M-Jennett
and D.J.Dingley, Dept. Physics, Bristol University, England.
Y.Ando, Dept. Applied Physics, Nagoya University, Japan.

Metal multilayers of Fe/Cu, V/Cu and Fe/Ni have been grown
in either HV or UHV evaporators for the investigation of
magnetic properties. A buffer layer of B800-15008 Cu was

used between mica substrate and multilayer., Systematic
experiments were performed to investigate microstructure as
a function of vacuum cuality and substrate temperature.

grown between 100°C and 500°C at 2-4x10-7 mbar
exhibited a complex structure in which the Cu grew in (111)
epitaxy and the Fe divided between the Kurdjumov-Sachs and
Nishiyama-wassermann orientation relationships and with a
lath-like microstucture reminiscent of martensitic needles
in ferritic steelas. These laths grew laterally with
increasing foil thickness, approximately maintaining a
constant aspect ratio and perturbed the foil surface such
that the surface morphology, as observed by SEM,
corresponded closely to the lath distribution. 1In general,
perfection of microstructure was much improved by growing in
UHV conditions. Lower contamination rates allowed a slower
evaporation, a higher surface mobility and thus a reduction
in the substrate temperature necessary to achieve epitaxy.
With increasing temperature, foils were polycrystalline and
of uniform thickness (<100°C); rough with columnar grains of

Cu/Fe foils

increasing size (150<T<300°C); flat with simultaneously good
epitaxy (approx. 300°C); perfect epitaxy but discontinuous
as material migrated over the surface into single crystal
islands (>345°C). The window of conditions for complete
coverage by flat single crystal is narrow and shifts with
changes in surface nucleation density. Subsequent layers
follow the buffer layer morphology closely therefore flat,
almost perfect-crystal buffer layers were grown and then
recrystallised, without roughening, by an in situ anneal.

D6.3

AN INVESTIGATION OF THE DISLOCATION STRUCTURE OF THE

NUI/AG PHASE BOUNDARY. Thomas A, Bamford, Wilkes College,
Wilkes-Barre, PA.

The Ni/Ag interphase boundary structure in the parallel cube-on-cube
orientation was studied for the boundary planes (001) and (011).
Coarsely spaced dislocations were found in all anncaled interfaces; the
origin of these was apparently differential thermal expansion of the
bicrystal film. A detailed search for intrinsic periodic structure consistent
with the O-lattice construction was made using X-ray diffraction, electron
diffraction and transmission electron microscopy . No evidence for this
could be found; such a relaxation, if present, is very weak. It is unlikely
that such a small relaxation could account for the relative energy minimum
associated with the parallel cube-on-cube orientation found by previous
mvestigators.

D6.4

EPITAXIAL GROWTH OF Cu-Ni SINGLE CRYSTAL ALLOYS AND
SUPERLATTICES BY MOLECULAR BEAM EPITAXY.

R.P. Burns, Research Triangle Institute, Research Triangle Park, NC and
Department of Physics, North Carolina State University, Ralesgh; Y.H.
Lee, Department of Materials Science and Engineering, North Carolina
State Unsversity, Raleigh; N.R. Parikh, Department of Physics and
Astronomy, University of North Carolina, Chapel Hill, J.B. Posthill, M.J.
Mantini, R.J. Markunas, Research Triangle Institute, Research Triangle
Park, NC

Epitaxial growth in the Cu-Ni system is presently being explored as a
means of fabricating a lattice matched, defect free substrate for either
the direct deposition of diamond, or for deposition of a suitable inter-
layer to promote diamond nucleation. Epitaxial metal films have been
grown by molecular beam epitaxy which are of higher quality than
commercially-available single crystal substrates. Since the lattice con-
stants of Cu (a, = 0.3615 nm) and Ni (a, = 0.3524 nm) straddle that of
diamond (a, = 0.3567 nm), lattice-matched epitaxial alloys can be fabri-
cated for a wide range of diamond growth parameters. Cu-Ni epitaxial
alloys of varying composition have been grown at the 150-300 °C range
to investigate the possible occurrence of spinodal decomposition, which
has been reported in the literature. Spinodal decomposition has not been
detected with transmission electron micros:opy. Strained layer superlat-
tices have also been grown in order to potentislly deflect dislocations ori-
ginating at the substrate/epilayer interface. Multilayers and superlat-
tices of varying composition and thicknesses will be discussed. In vacuo
cleaning techniques and subsequent characterization by AES, XPS, and
LEED of the bulk substrates have been developed and will be described.
Determination of the structural quality of the grown films has been made
by: XRD, SEM, TEM, RBS/channeling, and LEED. AES and XPS
demonstrate that epitaxial metal films can be grown free of impurities
(particularly carbon) that are normally found in bulk substrates.

D6.5

STRUCTURAL AND ELECTRONIC PROPERTIES OF Pb/Cu
MULTILAYERS. Dominique Neerinck, Kristiaan Temst, Hans
Vanderstraeten, Yvan Bruvnseraede, Laboratorium voor Vaste
Stof-Fysika en Magnetisme, Katholieke Universiteit Leuven, B-3030
Leuven, Belgium; and Ivan K. Schuller, Physics Department - B019,
University of California-San Diego, La Jolla, California 92093, USA.

We have prepared Pb/Cu multilayered structures on liquid nitro-
gen cooled substrates (for layer thicknesses below 200 A) and on
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room tlemperature substrates. The high angle X-ray diffractio.
spectrum indicates the presence of interfacial disorder of a contin-
uous kind (crystalline/amorphous like). In the low angle spectrum
pronounced minima occur at positions given by q=2x/A, where
A is the bilayer thickness. This is in contradiction with Pb/Ge
(crystalline/amorphous) multilayers, where minima are observed
at positions =27 /D with D the Pb thickness. This behavior is ex-
plained by taking into account the optical properties of the individ-
ual layers. The electronic elastic mean free path in the individual
layers, obtained from resistivity measurements, is limited by the
layer thickness for the thinnest samples, while a saturation occurs
for the thicker layers. This saturation is probably due to the poorer
structural quality of the thicker samples.

This work is supported by the Belgian Concerted Action (G.0.A.),
Inter-University Attraction Poles (1.U.A.P.) and .L.K.W. programs.
(at K.U. Leuven) and the U.S. Department of Energy grant # DE-
FGO03-87ER45 (at U.C.S.D.). International travel was provided by
NATO. D.N. is a Research Assistant of the Belgian N.F.W.0. and
K.T. and H.V. are Research Fellows of the Belgian LLK.W.

Dé6.6

SURFACE STRESS EFFECTS ON THE ELASTIC MODUL! OF
SUPERLATTICE THIN FILMS. R.C. Cammaiata, K. Sieradzki, and
F. Streitz, The Johns Hopkins University, Baltimore, MD 21218.

A model is presented which predicts a significant sample-size effect on
the elastic moduli of superlattice thin films possessing small layer repeat
lengths. Due 10 the presence of incoherent interfacial stresses, biaxial
in-plane elastic strains are created which are approximately inversely
proportional 1o the layer repeat length A.. When A is of the order of
1nm, these strains can be of the order of 1%, inducing nonlinear elastic
behavior. This model is able to explain in a semi-quantitative way the
supermodulus effectin certain metallic superlattices.

D6.7

ANALYSIS OF Au/Ni MULTILAYERS BY X-RAY DIFFRACTION. J.
Chaudhuri, S. Shah, V. Gondhalekar, Mech. Eng. Dept. and
The Inst. for Aviation Research, The Wichita State Univ.,
Wichita, KS 67208; and A. F. Jankowski, Lawrence Livermore
National Laboratory, Livermore, CA 94550.

Profiles of strain within individual layers in Au/Ni multi-
layer system were obtained by iterative fitting of the
experimental diffraction pattern with a kinematic model.
The depth profile of strain in the modulation direction was
obtained for these metallic multilayers with repeat period-
icities ranging from 1.19 nm to 4.26nm. An attempt was made
to correlate the “supermodulus effect" present in the Au/Ni
system with the strain distributions obtained from this
kinematic model. A significant volume fraction of inter-
:aces is present in these nanometric scaled periodic struc-
ures.

D6.8
ELASTIC PROPERTIES OF FCC-FCC  METALLIC
MULTILAYERS?. John R. Duicher, Sukmock Lee, Jeha Kim,

Craig D. England, George [. Stegeman and Charles M. Falco, Optical
Sciences Center and Department of Physics. University of Arizona,
Tucson, AZ 85721.

The surface acoustic phonon modes of sputter-deposited Ag-Pd and
Cu-Co multilayers were studied using Brillouin light scattering.
Both of these metal combinations are fcc-fcc. Enhancements of the
biaxial modulius (the "supermodulus effect”) have been reported for
Ag-Pd' and other fcc-fcc multilayers near a multilayer modulation
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wavelength value of A « 25:\. We have measured the dispersion of
the phonon mode velocities for Ag-Pd and Cu-Co multilayers as a
function of A for samples with A in the range IOX 1o 100A. The
A-dependence of the effective elastic constants of the multilayer
samples, which was obtained by comparing the data with calculated
dispersion curves for the phonon modes, will be discussed.

twork supported by Office of Naval Research grant N00O!14-88-K-
0298

'G.E. Henein and J.E. Hilliard, J. Appl. Phys. 54. 728 (1983).

Dé6.9

EPITAXIAL Fe/Ag AND Mn/Ag SUPERLATTICES. S. Nahm. and
L. Salamanca-Young, University of Marvland, College Park, M1 20712
and B. T. Jonker, J. J. Krebs, and G. A. Prinz, Nava) Rescarch Labo-
ratory, Washington, DC 20375-5000.

We studied the epitaxial growth and structural properties of Fe/Ag and
Mn/Ag superlattices grown on (001) GaAs substrates using Transmis-
sion Electron Microscopy. A buffer layer of either Agor ZnSe was grown
on the {001) GaAs substrate before the growth of the superlattice to
obtain good quality films.{1],{2] Both Fe/Ag and Mn/Ag superlattires
with Ag buffer layer show very sharp interfaces. In the Fe/Ag super-
lattice the in-plane < 100 > direction of Fe is parallel to the < 110 >
direction of Ag. In this configuration the Fe layer maintains its bulk
bee structure. On the contrary, in the Mn/Ag superlattice our results
show that the growth of the Mn layer is pseudomorphic with the Mn
layer being fct rather than bet. Both fct and bct structures had been
suggested to be possible structures for this layer.[2] The structure of
the Mn layers in the superlattice is studied as a function of Mn layer
thickness. Our TEM results show that both kinds of superlattices have
similar densities of dislocations of & 10°m™2. Some of the disloca-
tions originate within the superlattice film and others in the Ag buffer
layer. The dislocations are edge dislocations with Burgers vectors along
< 110 > directions. The densities of dislocations for the Fef/Ag super-
lattices grown on a ZnSe buffer layer were = 10%cm=?. We will present
detailed studies of the interfaces in the superlattices as well as the
interface between the Fe seed laver and the GaAs substrate.

The work by S. N. and L-S-Y was supported by the National Science
Foundation No. DMR-87-10817.

{1] J.J. Krebs, B.T. Jonker, and G.A. Prinz, J. Appl. Phys, 63, 3467,
(1988).

[2] B. T. Jonker, J.J. Krebs, and G.A. Prinz, Phys.
1399,(1989).

Rev. B39,

D6.190

GROWTH AND CHARACTERIZATION OF (Mun/Ag) (001)
SUPERLATTICES,* B.T. Jonker, Y.U. ldzerda, J.J. Krebs and G.A. Prinz,
Naval Research Laboratory, Washington, D.C. 20375-5000.

In an attempt _to stabilize the bcc phase of Mn, predicted to be
ferromagnetic." we have grown single crystal Mn films and coherent
{Mn/Ag) superlattices on Ag(001) by MBE.3 Ina simple constant volume
approximation based on the Wigner-Seitz radius of a-Mn, one would
expect a bcc lattice constant of 2.89 A, while recent total energy
calculations predict an equilibrium lattice constant of 2.79 &2 Thus the
2.89 X square surface net of the Ag(001) plane is expected to provide &
good template with which to stabilize the bee structure.

The Ag(001) substrate films were grown on 5 monolayer (ML) Fe(001)
seed layers grown on ZnSe(001) epilayers, which were grown in turn on
bulk GaAs(001) substrates. The superiattices had 20 10 100 periods, with
periods consisting of 1, 2, 3, 5 and 14 ML’s of Mn and 10 - )5 ML's of
Ag. The structure of the samples was determined from a combination of
RHEED, x-ray diffraction, and conversion electron extended x-ray
absorption fine structure measurements. X-ray 6-20 scans show
prominent and well-resolved multiple satellite structure around the high
angle Ag Bragg peaks, as well as low angle diffraction peaks produced
by the superlattice period. We find that although the Mn(001) films are
pseudomorphic with the substrate and exhibit the desired 2.89 R square
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surface net, they are tetragonally distorted along the surface normal,
with an out-of-plane lattice parameter which decreases with increasing
film thickness up to 5 ML. Films thinner than 3 ML (corresponding to
one complete unit cell) are nearly fcc, while by 5§ ML they exhibit a
body-centered tetragonal structure which does not change with additional
thickness. Beyond approximately 14 ML, the films cannot maintain the
single crystal phase. These results are compared with corresponding x-
ray photoelectron diffraction data. We detect no significant
ferromagnetic contribution at temperatures down to 5 K.

1. G. Fuster e al., Phys. Rev. B 38, 423 (1988).

2. V.L. Moruzzi and P.M. Marcus, Phys. Rev. B 38, 1613 (1988).

3. B.T. Jonker, 1.J Krebs and G.A. Prinz, Phys. Rev. B 39, 1399 (1989).
* This work was supported by the Office of Naval Research.

D6.11

FORMATION AND STRUCTURE OF Mo THIN LAYERS ON
Ni(001) AND Mo-Ni SUPERLATTICES. Y.H. Lee, Department of
Materials Science and Engineering, North Ceroling State Univer-
sity, Raleigh, NC; R.P. Burns, Research Triangle Institute,
Research Triangle Park, NC and Department of Physics, North
Carolina State University, Raleigh ; J.B. Posthill, M.J. Mantini and
R.J. Markunas, Research Triangle Institute, Research Triangle
Park. NC; K.J. Bachmann, Department of Malerials Science and
Engineering, North Carolina State University, Raleigh, NC.

Fcr Leteroepitaxial diamond growth, Mo along with certain other
transition metals are considered to be possihle substrates because
of their reactivity with carbon. However, Mo is not lattice-matched
to diamond. The formation of a metastable, pseudomorphic over-
layver of Mo (normally bec, a,=0.314nm) on diamond-iattice-
matching single crystal surfaces like Ni (fee, 2,=0.352nm) and
metallic multilayers represents a possibility for combining
enhanced  chemical reactivity  with lattice  matching.
Ultrathin{<2nm) overlayers of Mo have been grown by molecular
beam epitaxy on single crystal Ni(001) substrates. A systematic
study by in situ LEED, XPS and AES on overlayers of varying
thicknesses was used to determine the nucleation and growth
processes of these thin films. Thicker layers of Mo(>50nm) and
superlattices of Mo-Ni system were also grown on Ni(001). Assess-
ment of the Mo/INi{001) system and the Mo/Ni/Mo/INi/001) super-
lattices was made utilizing LEED. SEM, TEM and XRD. Composi-
tion was determined via in situ XPS and AES.

D7.1

MATERIALS AND DEVICE PROPERTIES OF
LATTICE-MATCHED AND PSEUDOMORPRHIC inP BASED
HETEROSTRUCTURES .
Umesh K. Mishra and April S. Brown
N.C.State University, Raleigh N.C.
Cornell University, Ithaca, N.Y.

GalnAs based HEMTs and HBTs are superior for high frequency
applications than GaAs based devices because of the better electronic
tragsport properties in GalnAs. The electron mobility is 13,000
cm*/V-S and the conduction band discontinuity between Al ln

and Ga ;ln 5;As is 0.51eV, all higher than the GaAs based sysiem.
Furthermoré,” the low bandgap of GalnAs (.74eV) reduces the
emitter-base turn-on voltage of the HBT, substantially reducing the
power dissipation. 